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CURRENCY 

I Dollars are U S Dollars as of Jan 1 1995 
Current day Ruble costs have been converted at 4550 Rubles per U S Dollar 

UNITS OF h4EASURE 

1 BTU (British Thermal Umt) 
= 1055 Joules 

1 Joule 
= 0 239 Calor~es 

1 Standard Cubic Meter of Natural Gas 
= 3 8  0 I(llojou1es 

1 Ton 
= 1000 &lograms 

1 Ton of Crude 011 
= 3 1 8 Gigajoules 

TERhIS 

Capac~ty Factor (%) equals the yearly number of equivalent full load hours of operation divided 
by 8760 hours per year 

I Heat Rate (BTUAWh) equals quantity of heat required to produce one lulowatt of electricity, or 
an equivalent amount distnct heat 
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The Krasnodar K r a ~  regon of southern Russia, whlch 1s part of the North Caucasus Unified 
Power System (UPS), has been expenenclng electnclty shortages and d~srupbons for the past few 
years A group of Russian companies composed of Kubanenergo, RAO EES Rossii, Gasprom and 
others (Project Owners) 1s plannlng the Krasnodar Power Generabon Project This Project will 
address the region's need for add~bonal power generabon capacity by building one or more power 
generation facil~bes The World Bank has revlewed the Project Owners' plans and belleves the 
project may be appropnate for Bank financ~ng support The purpose of this study task (Task 1) 
1s to assess the need for the proposed project and evaluate its economic ments Based on the 
results of thls task, work wll proceed on the preparation of detalled bus~ness plans and techn~cal 
and environmental feasib~lity studies for appraisal by the World Bank 

The North Caucasus UPS has an acute electricity generation capacity deficit that IS affecbng the 
quallty of supply The system has a combined installed capacity of 10,557 MW, lncludlng 2,180 
MSV of hydro and 8,377 MW of fossll capaclty A considerable portton of this installed capaclty 
has been de-rated due to age and detenation In the quallty of available he1 Also, because some 
of the units wthin the region bum agricultural wastes, they are only available on a seasonal basis 
Thls has resulted in effectlve ava~lable thermal capacity of 6597 MW The maximum effectlve 
capaclty (wet season) of the hydro units In North Caucasus 1s 1969 MW, as some of these units 
have also been derated Due to seasonal effects not all of the Installed hydro capac~ty in the 
regon is avalable for meebng peak loads dunng the wlnter months, the available hydro capacity 
dunng the wnter months is 1790 MW This results In an effective system capaclty of 8387 MW 
dunng wlnter, whlch is the penod of the year when the annual peak load occurs 

In the past, the North Caucasus region received substantial quanbhes of power from Russ~a's 
Center UPS (through Ukralne) and add~tlonal power d~rectly from generating plants wlthln 
Ukraine This interconnection became unrel~able, and it 1s now no longer in operation While a 
recent drop In consumption has provlded some resplte, the projected power defic~t 1s expected 
to reach approximately 2,000 MW by 2000 unless new generabng and transmission capaclty 1s 
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added to the system This projecbon is baseed on the assumpbon that most of the agng  exlsbng 
capacity can be kept in operabon for six or seven years 

The regon wth the greatest power deficit within the North Caucasus is the Krasnodar Krai, 
which relles on imports from ne~ghbonng Energos for 60% of its electncity consumpbon 
Because the local utrlity, Kubanenergo, has equipment that is in general 20 to 40 years old, the 
deficit wl l  deepen hrther as the agng  units become less rel~able and must ulbmately be rebred 
To address this deficit, Kubanenergo IS plannlng to install up to 900 MW of combined cycle 
capacity at Krasnodar, a 300 MW combined cycle plant at Novoross~ysk, and another 1,350 MW 
combined cycle plant at Mostovskoy 

The purpose of Task 1 is to evaluate the proposed projects as potenbal elements of a least-cost 
investment program to address the electncity needs of the North Caucasus UPS, with emphasis 
on the Krasnodar Krai The task involved a detailed assessment of the needs for electncity and 
distnct heatrng in the Krasnodar Kra~,  and an evaluation of the supply opbons available within 
the North Caucasus UPS and from neighbonng power gnds in Russia and Ukralne to determine 
the most economical plan to alleviate the North Caucasus' power shortage 

The North Caucasus IS In need of substantial generation capacity addlt~ons in the immediate 
hture At thls bme, there IS a program of Hydroelectnc plant addihons, totallng 160 MW, that 
is scheduled to bnng capacity on line gradually between 1996 and 2000 In addition, a 500 hV 
transmission link w ~ t h  the Center UPS is scheduled to be completed in 1997 This will prov~de 
an addlhonal550 MW of firm capaclty to the reglon There is also a current program to replace 
159 MW of ayng boiler equipment and 190 MW of combustion turbines at the Krasnodar TETS 
site w ~ t h  a 450 MW CHP/Combined cycle plant Even wlth these add~tions there is a pressing 
need for bullding new gas fired power plants 

With regard to gas fired plants, the study has found that there is a need for the addition of 
approxlmately 940 MW of new thermal capacity In the North Caucasus in 1998, this is the earliest 
date that is considered feaslble for commissioning new units The study has also determ~ned the 
need for about 268 MW addibonal capacity in 1999, and for approxlmately 405 MW of capacity 
in 2000 This will be necessary to maintain a system reserve margin of 14 percent, which is 
considered to be the minimum for assunng reltable system operabons These additions would 
add a total of 1800 MW In gas fired capaclty to the North Caucasus UPS dunng the next five 
years Figure 1- 1 illustrates the need to add capacity in the reglon as demand grows and 
rehrements reduce the capac~ty available from existing units The data used in prepanng Flgure 
1 -1 is presented In Table 1 - 1 Because new and replacement capacity cannot be commiss~oned 
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pnor to 1998, a potenbal capacity shortage, rangng from 689 to1 103 MW, will exlst in the regon 
through 1997 To eliminate the shortage, it will be necessary to extend the l ~ f e  of some of the 
units that have been scheduled to be retired through 1998 Thrs IS necessary because there 1s no 
prachcal poss~bll~ty for adding new generatmg capaclty before that year 

Regarding the general locahon of the new capacity, it appears that Krasnodar Krai is the most 
llkely area in the North Caucasus for substanhal capaclty addihons because over 600 MW of 
exlsbng capacity 1s scheduled to rebre before the end of 2003, and the regon 1s already heavlly 
dependent on other regons for power, a s~tuahon that impairs the rellabllity of electnc~ty servlce 
and results In excessive transmission losses Of the three potenttal s~tes, only the Mostovskoy slte 
is available for the addihon of new capaclty rn 1998 and, it 1s ~n~ba l ly  limited to the addition of 
slmple cycle gas turblnes due to construcuon lead hme The other two sltes are expected to 
requrre an addlbonal year or two of lead tlme because of the need for environmental studies to 
venfy that they would be appropnate for bulld~ng new power plants 

Whlle the Mostovshoy site offers the advantage of early developmenf it has a disadvantage, in 
that ~t 1s not located near the major load centers In the region It 1s the least cost ophon after the 
currently underway replacement project at Krasnodar TETS The Krasnodar and Novorosslysk 
sltes are located at major load centers, and they may also offer the opportun~ty for Improved 
economlc efficiency through their use as Combined Heat and Power Plants (CHP) Because 
work has already been started on a replacement of the oldest exlsting units at Krasnodar TETS, 
and because of its amlng advantage, the next project for the addltton of new capaclty should be 
done at Mostovshoy However, recognizing the advantages of having plants located near load 
centers, it IS llhely that plant add~bons after 2000 could be most attractwe at Novorosslysk, subject 
to hrther lnvestlgahon of the advantages of that slte 

The following l ~ s t  yves a ranlung of Combined Cycle ophons startlng with the lowest cost 
alternabve The cost of electnc power production lncludes the cost of new transmiss~on faclllbes 
and gas pipelines as requlred for each site Ranlungs have also been done for simple cycle plants, 
these appear in Chapter 5 (Production costs below are at 80% capaclty factor) 

Ste Q.P=4! Product~on Cost, $/kwh 
Krasnodar CCICHP (replacement) 450 MW 023 6 
Mostovskoy CC 900 MW 0318 
Novoross~ysk CC/CHP 450 MW 0320 
Novoross~ysk CC 450 MW 0320 
Krasnodar CC 450 MW 0333 
Mostovskoy CC 450 MW 0339 

Cons~denng all of the above factors the followng is considered to be the best approach to meebng 
needs for immediate capaclty additions whlle keeplng the long term costs to a mlnimum 

Task 1 Report 
September 1995 1-3 



1 Krasnodar - replacement ofthe two exlsting 95 MW simple cycle in 1997 and 1999, with 
conversion to combined cycle in 1999 

2 Mostovskoy - 600 MW Simple cycle addibon for 1998-99 operaoon, with conversion to 
combined cycle operabon in 1999 or 2000 to bnng the capacity at that site to 900 MW 

3 Novorossiysk - 300 to 600 MW simple cycle for operabon in 2001, wth parttal conversion 

to combined cycle if and when CHI? operabon IS shown to economical or if addittonal 
base load capacity is needed 
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Krasnodar Power Generation Project 

ESTIMATION OF REQUIRED CAPACITY NEEDS FOR NORTH CAUCASUS 

Year 

1994 
1995 
1996 
1997 
1998 
1999 
2000 
2001 
2002 
2003 
2004 
2005 

September 1995 

'p\ 

Existing* 
Capacity 

MW 
8387 
8068 
8068 
7993 
7955 
7955 
7829 
7784 
7780 
7485 
7080 
6953 

Peak 
Demand 

MW 
861 6** 
8220 
81 80 
8475 
8697 
8967 
9212 
947 1 
9753 
10018 
10293 
10588 

Required 
Capacity 

MW 

937 1 
9325 
9662 
991 5 
10222 
10502 
10797 
11118 
11421 
1 1734 
12070 

-- Committed Additions -- 
Hydro Trans Fossil 
MW MW MW 

* Effectlve capacity available for meeting wrnter peak 
** Includes an est~mated 110 MW of unserved demand 
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Other 
Required 
Additions 

MW 

0 
0 
0 

940 
18 

405 
255 
240 
512 
634 
463 

Total 
Capacity 

Additions 
MW 

200 
40 
740 
980 
308 
405 
340 
325 
597 
71 9 
463 

Table 1-1 





TheNorth Caucasus UPS is one of seven major regonal power gnds or Unified Power Systems 
wthin Russia It is currently connected wth the Center UPS, which in turn is connected with the 
other UPS gnds The North Caucasus UPS is also connected to the gnds to the south in adjacent 
countries that were previously members of the USSR In addition, there is a connection to the 
Uhrain~an power gnd, but thls connection is currently not operabonal 

In the past for economlc and pollcy reasons, the North Caucasus relied on regions to the north and 
east for much of ~ t s  power supply The North Caucasus IS not well endowed w ~ t h  the natural 
resources used for power generation, and substanha1 amounts of Inexpenswe energy were 
available from large nuclear, fossil and hydroelectnc generatmg stations in those regions The 
bulk of the power imported into the region flowed through what is now Ukraine Following the 
d~ssolutlon of the USSR, polit~cal and technical problems have developed that have caused the 
supply of power from Uhralne to become unreliable T h ~ s  has resulted in the current power 
shortage problem in the North Caucasus 

The North Caucasus's installed capacity was 10,557 MW at the end of 1994 This included 2,180 
MW at the regon's 88 hydroelectnc generating units and 8,377 MW from its 73 fossil units A 
considerable porhon of this installed capac~ty has been de-rated due to age and detenation in the 
quality of available fuel Also, because some of the units with~n the region bum agncultural 
wastes, they are only available on a seasonal basis This has resulted in effecttve ava~lable 
thermal capacity of 6597 MW The maxlmum effective capacity (wet season) of the hydro units 
in North Caucasus is 1969 MW, as some of these units have also been derated Due to seasonal 
effects not all of the ~nstalled hydro capacity in the reg~on is available for meeting peak loads 
dunng the winter months, the available hydro capacity dunng the w~nter months is 1790 MW 
Thls results in an effecbve system capaclty of 8387 MW dunng winter, whlch is the penod of the 
year when the annual peak load occurs 

Last year fossil fueled power producbon accounted for 82% of all electricity produced wlthin the 
region, hydroelectnc power accounted for lo%, and the balance was provided from ~mports 
There is no nuclear generation capacity In the reglon 
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At one Eme nuclear power was planned for the North Caucasus Work was begun on two plants, 
one at a site near Rostov-on-Don and another at Mostovshoy In Krasnodar Krat The work on the 
Rostov Plant site has proceeded, and the plant is now with~n 70 to 95% of completton (est~mates 
of its status vary) Work at the Rostov site 1s currently suspended, however, while Mnatom 
pursues approvals and finds to put the plant into operaDon The Mostovskoy Nuclear Project was 
converted to a fosstl plant shortly after the site was acqulred due to public pressure Work at the 
slte IS now on hold pendlng the approval of fbnd~ng Thls is the site of the Mostovskoy projects 
reviewed In this study 

The region has and continues to be a net importer of power from other reglons Imports totaled 
5,061 million hWh or 9% of total consumption in 1993, and 3,991 mlll~on kwh or 8% of total 
consumpDon in 1994 Historical data on generation capacity and power production for the North 
Caucasus reglon are shown in Table 2-1 

Table 2-1 
North Caucasus Capacity and Generatlon 

Generatlon Source 
Generation Installed Capacity Average Capacity 
M~ll  k w h  (Mw) Factor (percent) 

Con\ entional Thermal 34,181 31,640 6,090 6,090 64 1 59 3 

Comb~ned Heat and Pouer 9,62 1 8,820 1,977 1,977 55 5 50 9 

Imported Pouer 5,06 1 3,99 1 

Total 55,735 49,5 16 10,247 10,247 56 7 51 0 

The regon includes nlne Energos or electnc uhlity companies, all but one, Kalmenergo, generate 
power Their capacities and 1993 generating levels are shown in Table 2-2 
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Table 2-2 
1993 Capac~ty and Generat~on by Energo 

Total Foss~l Hydro 1993 
Capac~ty Capac~ty Capac~ty Product-lon 

MW MW MW Mil1 kwh 

Kub anenergo 

Stavropolenergo 

Dagenergo 

Grozenergo 

Rosto~ energo 

Three others 

Total 

Approximately 4400 MW of thermal plant capacity are scheduled for rehrement between the years 
1995 and 2005 Table 2-3 presents the attnhon of this capacity as a funchon of rehrement date 
The projected rebrement dates are based on a l~fe of forty (40) years which Includes l ~ f e  extens~on 
for each plant A large number of operahng plants have already passed their projected rehrement 
dates, and others are scheduled to retIre In the next few years Because it IS not poss~ble to build 
replacement capacity for these umts before 1998-9, it is apparent that a program for rehabilitat~on 
or hfe extension must be continued, if power shortages are to be averted (A detalled list of unlt 
retirements is gtven in Appendix A ) 

Table 2-3 
Ret~rements by Year 

(Mw) 

Retrrement Date Available Capacrty Rated Capac~ty 

1995 319 735 

1996 0 0 

1997 75 95 

1998 38 50 

1999 0 0 

2000 126 165 



Retirement Date 

2001 

2002 

2003 

2004 

2005 

Total 

Available Capacrty 

45 

Rated Capac~ty 

60 

6 

314 

462 

150 

2037 

Electricity demand in Russia has been declining steadily since 1990 Table 2-4 shows recent 
annual consumption figures for the North Caucasus and the Krasnodar Krai 

Table 2-4 
Recent Electrlc~ty Consurnptlon* 

Year 

North Caucasus Krasnodar K r a ~  

Bill k w h  Index Bill k w h  Index 

* Total consurnptlon (mcludes h e  losses and own usage) 

The major factor affecting the decllne has been decreasing industnal activity Electricity 
consumpQon by the industnal sector declined by 53% in Krasnodar Krai between 1990 and 1994, 
and only the resldentlal sector had an increase in demand dunng that penod The decline in 
demand is expected to level off dunng 1995-1996, and demand is expected to begin growlng at 
about 2 to 3% annually based on current projecbons of economic acbvlty for Russia and the North 
Caucasus region in general (Details of the trends In past and projected electricity consumption 
are given in Appendix C ) 
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Heat demand has also been declining in North Caucasus and Krasnodar Krai since 1990 The rate 
of decline has been similar to that of electncity, w ~ t h  most of the decllne occumng in the 
industrial sector Table 2-5 below illustrates the recent trend in heat consumption in North 
Caucasus and Krasnodar K r a ~  

Table 2-5 
Recent Heat Annual Consumption * 

Year 

North Caucasus Krasnodar Kral 

M~l l  Gcal Index M~l l  Gcal Index 

1995 Projected 79 0 77 20 0 71 

* Total consumption (includes dtstnbution losses and own usage) 

Heating needs arealso expected to continue to decline untll 1995-1996 and then to resume 
growlng at about 2-3% per year through 2005 (Additional details on the recent trends and 
projections for heat consumption are Included In Appendix C ) Heat consumptron has been 
decl~ning somewhat more rap~dly than electncity consumption The overall difference 1s about 
a 10% reduct~on in heating relabve to electnc~ty use While this is s~gn~ficant, ~t is not expected 
to have a major Impact on the appl~cabon of combined heat and power (CHP) electncity 
generation For this reason the study has gone forward on the assumption that exlsting CHP 
capacity should be replaced In the case of un~ t  rebrements and that new base load capacity should 
take advantage of CHP opportunities in the selection of plant sites 

In considering sites for the Krasnodar Power Project, two major distnct heat demand centers were 
~denbfied the city of Krasnodar and the rap~dly developing port city of Novorossiysk Krasnodar 
has a base heat demand of 380 Gcalhr and a peak demand of 1,950 Gcalhr, while Novorossiysk 
has a base demand of 120 Gcalhr and a peak demand of 525 Gcalhr Only these two locabons 
are considered likely candidates for the ~nstallation of a major CHP plant Whlle there are other 
cities In Krasnodar Krai that could use heat from CHP plants, they were not considered large 
enough to make effective use of the heat that would result from plants of the size under 
cons~derat~on (450 MW and up) 
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The current interregonal capacity for transfernng major quanQbes of power is two long 220 kV 
lines connecting the North Caucasus to the Center UPS About 500 MW of power can be 
delivered to the regon, only 200 MW of this can be considered as firm A 500 kV transmission 
reinforcement project is currently underway that will increase the transfer capacity to 900 MW, 
of which 750 will be firm capacity Further reinforcements are under considerat~on to make up 
for the loss of transmission capacity through Ukraine (Detalls regarding Transm~ssion opbons 
are presented in Appendix B ) 

2 5 NEED FOR ELECTRIC GENERATING CAPACITY 

As can be seen from the above discussion and Table 2-6 below Krasnodar Krar is highly 
dependent on other regons to prowde tts power needs T h ~ s  dependency is endangenng electncrty 
supply reliability in the region, it also results in costly transmission losses The situatron there IS 

reported to be resulting in adverse economic and environmental impacts, since much of the 
exlsbng capacity IS old, ineffic~enf and difficult to ma~ntain properly The demand for power in 
the reglon is not being met due to reliabiltty problems and an overall shortage In capacity This 
s~tuation will only worsen with growlng demand If the system is to become reliable, there is a 
pressing need to provide new and replacement plants in Krasnodar Krai to meet current and 
projected power and heat demand levels 

Table 2-6 
Electr~c~ty generation Versus Consumptlon 

B~llion Kwh 
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1993 

1994 
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% 

91 

90 

North Caucasus 

% 

37 

44 

Generation 

50 6 

45 5 

Krasnodar Krai 

Consumpt~on 

55 6 

504  

Generation 

5 6 

5 9 

Consumption 

15 0 

13 5 
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CHAPTER 3 
OPTIONS FOR HEAT AND POWER SUPPLY 

Because the North Caucasus is defic~ent m generat~on capacity, Investment in new facilities is required 
to meet the regon's current and future electricity demand The need for add~tional capacity can be 
met through a combmbon of construmg new generat~on capacrty, importing addit~onal power from 
ne~ghbonng reyons, and completing already-comrmtted hydroelectnc and nuclear projects Heat 
demand w11 be met through a combination of combined heat and power plants and angle-purpose 
bo~ler plants 

W ~ t h  the North Caucasus regon, the Krasnodar Kra has the greatest need for additional capaclty 
All power generat~on technolog~es can be cons~dered to meet ths  capacity requirement However, 
the results ofthe JEPAS study ind~cated that coal-fired power plants have high delivered he1 costs, 
and gas- and mazut-fired steam plants are not as effic~ent as (and therefore not compet~tlve wth) 
modem cornbust~on turbine cornblned cycle plants 

3 1 CANDIDATE PROJECTS FOR THE KRASNODAR KRA1 

Kubanenergo has identdied three future generation sltes In Krasnodar Kra~ Mostovshoy, Krasnodar 
and Novorosslysk Because the Krasnodar and Novorossiysk plants can serve a sigmficant distnct 
heatlng load, a combined heat and power plant has been considered for them At Mostovskoy, the 
heating requirements of the adjacent settlement wll be met by the power plant, however, t h s  1s a 
small load The Mostovshoy plant is cons~dered a power-only plant In ths  evaluat~on 

Site-specfic costs were developed for a range of plant configurations The generation technologes 
considered are limted to combust~on turb~ne applications, both simple cycle and combined cycle 
power plants for power only or comblned heat and power plants Table 3-1 Identifies the alternate 
plant contigurat~ons that are berng considered as candidates to meet the fbture electnc demand of the 
Krasnodar Kra 

Plant C?paczfy Plant configurations are based on a 150 MW capacity combust~on turbine Ths  umt 
slze represents an advanced design of hgh efficiency, and has demonstrated operating expenence 
The typical combined cycle power block would have two combustion turblnes (300 MW total) and 
one steam turbine generator (150 MW) for a total capaclty of 450 MW Multiple blocks would be 
built to produce add~t~onal power Power plants from 300 MW to 1,350 MW are cons~dered 
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KRASNODAR POWER GENERATION PROJECT 

Sfaged Constmctzon In develop~ng an investment plan that reflects the timng of capaclty needs, ~t 
may be desuable to bulld multiple blocks of power at the same ate, but w t h  blocks spaced more than 
one year apart Under t h s  scenano, the first stage of construction would Include hgher costs to 
accommodate fbture plant expansion For example, the gas pipeline would be sued for the final 
capaclty and a majonty of the transmsslon lines, slte roads and infrastructure would be bullt m the 
first stage 

Table 3-1 rncludes alternates for staged construction As an example, Cases 5a and 5b represent a 900 
MW plant bullt in two stages, whle Case 6 represents the same 900 MW plant built at one time 

3 1 1 Mostovskoy Project 

Slmple cycle combustion turbines and combined cycle power plants up to a capaclty of 1,350 MW 
are cons~dered for Mostovshoy The plants would be bullt at the s ~ t e  that is now under development 
by Kubanenergo A new gas p~pellne and large transmsslon system Investment are requ~red for ths  
project 

The design of the gas pipeline for the Mostovshoy slte 1s based on lnformat~on provlded by Kuban 
Gazprom for the 1,350 MW plant at meetings In Apnl and July 1995 The deslgn basis IS as follows 

D~slauce 60 km 
Pressllre 55MPa  
Srze one 400 mm dlameter line for 300 MW (simple cycle) or 450 MW (combined 

cycle) 
one 500 mm dlarneter h e s  for 600 MW (slrnple cycle) or 900 MW (comblned 
cycle) 
one 700 mm diameter llne for 1,350 MW (combined cycle) 

The line IS assumed to be routed above ground and would connect to the main trunk line near 
Labinsk 

Kubanenergo discussed the need for two llnes to the power plant, one for the pnmary he1 and one 
to supply backup %el Because of the very hgh cost of the p~pellne, t h s  is not considered to be cost- 
effective The backup source of supply should be routed through the pnmary llne 
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KRASNODAR POWER GENERATION PROJECT 

Table 3-1 
PLANT CONFIGURATION 

SITEfCASE # I DESCRIPTION 

1 MOSTOVSKOY 

1 300 MW S~mple Cycle 

2a 

2b 

3 

300 MW S~mple Cycle - F~rst  Stage 

300 MW S~mple Cycle -Second Stage 

600 MW S~mple Cycle 

4 

5a 

450 MW Comb~ned Cycle 

450 MW Comb~ned Cycle - Flrst Stage 

5b 

6 

7a 

450 MW Comblned Cycle - Second Stage 

900 MW Comb~ned Cycle 

450 MW Combined Cycle - Flrst Stage 

7b 

7c 

450 MW Comblned CycIe - Second Stage 

450 MW Combined Cycle - Thrd Stage 

8 13 50 MW Combined Cycle 

9 

10 

I l a  

l l b  

12 
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KRASNODAR 

300 MW Simple Cycle 

450 MW Comb~ned Cycle /CHP 

450 MW Combined Cycle - First Stage /CHP 

450 MW Comblned Cycle - Second Stage/ CHP 

900 MW Comb~ned Cycle /CHP 

13 

14 

300 MW S~mple Cycle --. 
450 MW Comb~ned Cycle /CHP 



The transmssion system interconnect~on work consists of the followng projects 

1 Up to 600 MW 220 kV (250 km) fiom Kurgannaya to Zdposelok, including 
rerouting exlstlng lines vla the Krasnodar Plant 

500 kV (44 km) reroute line Tzentralnaya - Zelenchukskaya vla the Krasnodar 
Plant 

2 Up to 900 MW add 220 kV (120 la) from the Krasnodar Plant to Cheremushlu 

3 Up to 1,350 MW add 500 kV (280 la) from the Krasnodar Plant to Krymskaya 

3 1 2 Krasnodar Project 

Simple cycle combustion turbines and comblned cycle power plants operating In a combined heat 
and power mode up to a capacity of 900 MW are considered for the emstlng Krasnodar TETS 
slte 

Kubanenergo plans to install a 450 MW combined heat and power plant to replace two emsting 
combust~on turbines (rated about 95 h4W each) and five older boilers w th  a combined rated 
capacity of about 159 h4W The lrutial stage wll be installation of the first gas turbine in 1997, 
wth  the second gas turblne and conversion to combined cycle accomplished In 1999 Ttus 
replacement project would not add new capacity and, therefore, would not require an investment 
in new gas pipelines or transmsslon facilities Based on information provlded by Gazprom, 
emsting p~peline w11 need to be replaced to accommodate expansion of the power plant The 
portion of pipellne assessed to the project wlll be 60 km In addltlon, a booster compressor w11 
be required The pipellne will be low pressure wth  a diameter of 700 mm for 900 MW and 500 
rnrn for 450 MW 

The transrmssion system interconnection to accommodate plant expansion work consists of the 
followng projects 

1 Up to 450 MW 220 kV (25 krn) from the Krasnodar Plant to Alipskaya 

500 kV (1 80 hm) from Krymskaya to the Krasnodar Plant to Tzentralnaya 

2 Up to 900 MW add 220 kV (50 km) from the Krasnodar Plant to 
V~tarmncomb~nat 
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3 1 3 Novoross~ysk Project 

Slmple cycle combustion turblnes and combined cycle power plants operating m a combined heat 
and power mode up to a capacity of 450 MW are considered for Novorossiysk A speclfic slte has 
not been identified by Kubanenergo but site studies have not been performed No coollng water 
is available at the slte 

The dlstnct heatlng system in Novoross~ysk consists of local systems around indlmdual boiler 
houses A new CHP plant would need to Include a dlstnct heatlng trunk pipeline (700 rnm 
underground pipe, 10 km long) to connect to the centralized dlstnct heating system 

The exlsting gas pipeline to Novoross~ysk does not have adequate capacity and pressure to meet 
the requirements for thls additional capacity Based on information provlded by Gazprom, a new 
pipeline from the Kushevskoye underground storage reservoir to Krasnodar, a new plpellne from 
Krasnodar to Novorossiysk w11 be required Of the total length of new pipellne required, 200 h 
wll be assessed by Gazprom to the power plant 

For a 450 MW combined heat and power plant at Novorossiysk, annual gas consumptlon IS about 
500 rmllion cubic meters (at 85% capaclty factor) Exlsting consumptlon for the City of 
Novoross~ysh is about 800 rmll~on cubic meters based on data supplied by Gazprom A new 
p~pellne slzed to carry 1,500 million cublc meters was assumed (700 rnrn diameter), wlth the 450 
MW plant assessed one-thrd of the total p~peline cost plus the cost of a compressor 

The transmlsslon system interconnection work consists of the follow~ng projects 

1 Up to 450 MW Reroute 220 kV (25 km) from Krymskaya to Vostochnaya vla 
Novorossiyskaya and reroute 220 kV from Kryrnskaya to I(ln1lovskaya ma 
Novorossiyskaya (total 120 km) 

2 Up to 600 h4W add 220 kV (26 km) from the Krasnodar Plant to 
V~tarmncomb~nat 

3 Above 600 MW add 500 kV (260 km) from Krymskaya to Tzentralnaya 
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3 2 CANDIDATE PROJECT CAPITAL AND OPERATING COSTS 

3 2 1 Power Plant Capltal Costs 

A summary of the capital costs for each power plant configurat~on is presented In Table 3-2 The 
cost estimates for the simple cycle and combined cycle power plants are based on plant design and 
slte inf'ormat~on learned in meetings w th  Kubanenergo and Rostov Teploelectroproject in Apnl, 
as well as vls~ts to the Mostovskoy and Krasnodar sites 

In estimat~ng the costs ~t has been assumed that the combust~on turblnes, heat recovery steam 
generators, steam turblnes, and the d~stnbuted control systems wll be procured fiom internatronal 
competltrve b~dding whch wll allow both fore~gn and Russian suppliers For the purpose of t h s  
cost estimate U S pnces were used Owner's costs and allowance for contingencies are Included 
Taxes and dut~es are not included 

It was assumed that a dry cooling tower would be requlred at the Mostovslcoy site because of 
envlronrnental and other consrderations, while ~t would be possible to use a wet cooling tower at 
the Novoross~ysk site At Krasnodar the exlsting once-through coollng system was assumed, 
however, further investlgatlons w11 be required 

Previous cost estimates for the Krasnodar Power Generation Plant (h4ostovslioy s~te) are based 
on 1991 costs In Rubles and have not been updated In order to develop current (1995) costs, an 
estlrnate was prepared based on U S costs, and the local Russian content was converted Into 
equ~valent U S dollars uslng factors established In the EPAS (Table 4-6) Specifically, U S costs 
were converted to Russian costs at the rate of 70% for matenals, 75% for metals, and 50% for 
equ~pment Tahng ~nto account current salanes and labor productrvlty, Russian labor costs were 
assumed to be 20% of U S costs 

3 2 2 Power PIant Operating and Maintenance Costs 

A summary of the plant operating and maintenance costs and plant performance charactenst~cs is 
presented in Table 3-3 for Simple Cycle and Combined Cycle power plant configurat~ons 
Performance charactenst~cs and operating costs for the distnct heating configurations are 
presented in Table 3-4 

For estimating the operating and malntenance costs, the number of plant operatrng and 
malntenance personnel (including admimstrat~ve and supervisory personnel) was assumed to be 
M c e  the number of people used at sinular plants In the United States Ths  number is substantially 
below the current staffing levels m Russ~an power plants Deta~ls of the staffing plan wll be 
developed in conjunct~on wth  the Ownership Group in Task 2 of thls project Labor costs are 
assumed to escalate uslng the factors specified by the Steenng Commttee of the JEPAS (See 
Table 4-4) 
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Table 3-2 

NEW PLANT CAPITAL COSTS 

NXEsi 1 All configural~ons use cornbust~on lurb~nes In srrnple cycle or comb~ned cycle mode wrlh natural gas as fuel Backup Fuel IS #2 011 
2 Cons l~c t~on  time represenls the number of months from award of Ihe eng~neer~nglconslrucl~on conlracl lo commerc~al operal~on 

ASSUMPTIONS, 1 lnlernatlonal suppl~ed equlprnenl Includes cornbusl~on lurb~nes HRSGs sleam turb~nes and d~slrrbuled conlrol systemm 
2 A dry coolrng tower assumed at Moslovskoy and Novoross~ysk 8 a once through cool~ng syslem assumed al  Krasnodar 
3 Owner's Cosls Included In lnd~recls A Conl~ngency of 10% Included In lnd~rects only 
4 For CHP Planls cosls are ~ncluded only for work ~ n s ~ d e  planl boundary w ~ l h  regard lo ~nduslr~al slcam and d~slrrcl tlealrng CHP cosls are $2lkW h~gher lhan comb~ned cycle cosls s h o w  
5 To allow for fronl end engrneerlng and envtronmenlal work add one year lo Ihe lead llnle for Krasnodar and two years for Novoross~ysk planls (each configurallon) 

lo delermrne earllest commerc~al operalron dale 

, 

SITEICASE # - 
1 

2a 
2b 
3 
4 
5a 
5b 
6 
7a 
7b 
7c 
8 

KRASNODAR 
9 
10 
l l a  
l l b  
12 

NOVOROSSlYSK 
13 
14 

DESCRIPTION 

300 MW Slmple Cycle 
300 MW S~rnple Cyde F~rst Slage 
300 MW S~mple Cycle Second Slaqe 
600 MW S~mple Cycle 
450 MW Comb~ned Cycle 
450 MW Comb~ned Cycle F~rsl  Slage 
450 MW Comb~ned Cycle Second Slage 
900 MW Comb~ned Cycle 
450 MW Comb~ned Cycle F~rsl  Slage 

CONSTRUCTION 

TIME 

(monlhs) 
24 
24 
18 
30 
30 
30 
24 
42 
30 

351 
351 
430 

350 
427 
485 
348 
413 

355 
479 

I 

s TOTAL 

$kW 

367 
380 
- 310 
- 317 

479 
549 
35 1 
446 
623 

229- 

-- 229 
240 

236 
245 
253 

------ 229 
242 

- -  23G 
245 

450 MW Comb~ned Cycle Second Slage 
450 MW Comb~ned Cycle Th~rd Slaqe 
1350 MW Comb~ned Cycle 

300 MW S~mple Cycle 
450 MW Comb~ned Cycle ICHP 
450 MW Comb~ned Cycle Frrst SlaqelCHP 
450 MW Comb~ned Cycle Second SlagelCH 
900 MW Comb~ned Cycle ICHP 

300 MW S~mple Cycle 
450 MW Comb~ned CyclelCHP 

CAPITAL COSTS 
US $IkW) 
SUBTOTAL 

236 

-- 240 
236 
226 
245 
254 

27-- 229 
242 
269 

41 
41 
50 

19 
52 
61 
41 
50 

19 
52 

NON RUSSIAN (1995 

19 
19 
22 

7 
22 
24 
19 
2 1 

7 
24 

35 
35 
7 1 

3 1 
58 
81 
34 
57 

-- 28 
92 

EQUIPMENT 

192 
192 
192 
192 
208 
214 
202 
208 -- 
220 

24 
24 
48 

24 
30 
30 
24 
42 

24 
30 

EQUIPMENT 

19 
19 
17 
18 
52 
61 
41 
51 
73 

INDIRECT 

44 
48 
44 
34 
37 
4 0 

34 
4 9 

(1995 
LABOR 

7 
8 
5 
6 

24 
27 
19 
23 
29 

27 
27 
47 

57 
50 
66 
25 
43 

65 
66 

RUSSIAN 
MATERIALS 

32 
4 0 
15 
23 
92 
123 
35 
77 
149 

202 
202 
208 

192 
208 
214 
202 
208 

192 
208 

122 
122 
190 

114 
182 
232 
119 
171 

119 
234 

27 
z7 
32 

4 4 
37 
39 
27 
34 

44 

37 

US $lkW) 
INDIRECT 

73 
73 
37 
44 
66 
84 
27 
53 
103 

SUBTOTAL 

131 
140 
74 
91 

234 
295 
122 
204 
354 



The assumed staffing levels are as follows 

Plant Capacity Number of Personnel 

300 MW simple cycle 70 
600 M W  simple cycle 100 

450 MW combined cycle/CHP 120 
900 MW combined cycle/CHP 170 
1,3 50 MW combined cycle 220 

3 2 3 Costs of Settlement at Mostovskoy and Novoross~ysk (Soclal Costs) 

Although a large settlement (about 5,000 people) is planned at Mostovskoy, the scope of t h s  
settlement goes beyond what The World Bank would consider financ~ng as part of the project's 
cost The Bank has indicated than appropnate project costs would include hous~ng for the farmlles 
of power plant personnel and dlrectly related support facll~ties for them (e g , school, rned~cal, 
recreation) Any other fac~lit~es, such as retad stores and housing for the fml tes  worlung In these 
other factl~ttes, would need to be financed outs~de of the project 

The subs~dtzed housing prov~ded to plant personnel IS considered a hnge  benefit that is related to 
the salanes pad to the personnel The total investment required for the settlement costs for the 
plant personnel, support personnel, and facilltles IS amortized over 25 years to develop an annual 
charge for social costs Thls annual charge 1s ~ncluded In the fixed O&M budget 

Sufficient housing has already been constructed at MostovsLoy to accommodate the farmlies of 
the maxlmum level of 220 plant personnel as well as farmlies of the support personnel Since the 
econormc analysls does not cons~der costs already incurred, the social costs for Mostovskoy are 
assumed to be zero 

It is assumed that no additional social costs are requtred for the Krasnodar TETS plant slnce 
houstng for plant operators already exlsts, and any new hlres w11 be local people 

It IS assumed that at Novorossiysk, hous~ng and related facilit~es will be required for one-half of 
the plant personnel, wth the balance of the s t a h r e d  locally 
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fable 3-3 

NEW PLANT PERFORMANCE CHARACTERISTICS AND OPERATING COSTS 

t&QCk?L (1) Aux load 1s a l  full load 
(2) Iso Arnb~ent cond~l~ons Fuel nalural gas Un~ ls  kJlkWh 
(3) Soc~al Costs remaln conslanl and are amorllzed over 25 years 
(4) Net M W  and Nel Heal Rale are for combtned cycle plants wtlh no dtslrtcl heattng 

Performance data w ~ l h  dislrlcl heal~ng are be~ng prov~ded separately 

* 

SITWCASE # - 
1 
2a 
2 b 
3 
4 
5a 
5b 
6 
7a 
7b 
7c 
8 

P 
9 
10 
l l a  
11 b 
12 

0yaBassLSytll.I 
13 
14 

dar~able ($IMWh 

0 07 
0 07 
0 07 
0 07 
0 29 
0 29 
0 29 
0 29 
0 29 
0 29 
0 29 
0 29 

0 07 
0 29 
0 29 
0 29 
0 29  

0 07 
0 29 

F~xed 
Labor & Mal 

5 38 
5 38 
5 38 
5 38 
7 80 
7 80 
7 24 
7 24 
7 80 
7 24 
6 82 
6 82 

5 38 
7 68 
7 68 
7 13 
7 13 

5 38 
7 80 

DESCRIPTION 

300 MW S~mple Cycle 
300 MW S~rnple Cycle F~rs l  Stage 
300 MW Slrnple Cycle Second Slage 
600 MW Slmple Cycle 
450 MW Comb~ned Cycle 
450 MW Cornb~ned Cycle Flrsl Slage 
450 M W  Combined Cycle Second Slag 
900 MW Cornb~ned Cycle 
450 MW Comb~ned Cycle First Slage 
450 MW Comb~ned Cvcle Second Slag 
450 MW Comb~ned Cycle Thtrd Slaqe 
1350 M W  Comblned Cycle 

300 MW Slmple Cycle 
450 MW Combined Cycle 
450 MW Comb~ned Cycle F~rst  Stage 
450 MW Comb~ned Cycle Second Stag 
900 MW Comb~ned Cycle 

300 MW Slrnple Cycle 
450 MW Comb~ned Cycle 

0 & M COSTS 
($lkWlvr) 
Soc~al  Costs (3) 

0 00 
0 00 
0 00 
0 00 
0 00 
0 00 
0 00 
0 00 
0 00 
0 00 
0 00 
0 00 

0 00 
0 00 
0 00 
0 00 
0 00 

1 78 
1 58 

OUTAGE 
Forced 

4 
4 
4 
4 

-- 4 6 
4 6 
4 6 
4 6 
4 6 
4 6 
4 6 
4 6 

4 
4 6 
4 6 
4 6 
4 6 

4 
4 6 

STATION AUX 

LOAD (MW) ( I )  

1 8  
1 8  
3 2 
3 2 
8 5 
8 5 
17 
17 
8 5 
17 

25 5 
25 5 

1 8  
7 
7 
14 
14 

1 8  
8 5 

RATES (%) 

Planned 

6 9 
6 9 
6 9 
6 9 
6 9 
G 9 
6 9 
6 9 
6 9 
6 9 
6 9 
6 9 

6 9 
6 9 
6 9 
6 9 
6 9 

6 9 
6 9 

NET CAPACITY (MW) (2) ~ E T  HEAT RATE (LHV) (2) 
Full Load 

-- 300 
300 
600 
600 
443 
443- 
886 
88G 

Full Load 

10 634 
10 634 
10 634 
10 634 

7& 
7,004 
7,004 
7,004 

Mln Load 

75 
75 
150 

-- 150 
- 111 

-- 11 1 
221 5 
221 5 

Mln Load 

15 952 
15,952 
15 952 
15 952 

98!G- 
9,0260 
9,80G 
9,806 
9 006 
9.006 

9 , B O L  
9,806 

15,952 
- 9,649 

9 649 
9,649 
9,649 

15 952 
9 806 

443 
886 
1330 
1330 

-- 300 
450 
450 
goo 
900 

300 
443 

11 1 
221 5 
332 5 
332 5 

75 
112 5 
112 5 

--- 225 
225 

75 
11 1 

7,004 
7,004 
7,004 
7,004 

10,634 
6,892 
6,892 
6,892 
6,892 

10 634 
7 004 



Table 3-4 

NEW PLANT PERFORMANCE CHARACTERISTICS AND OPERATING COSTS 
(Comblned Cycle w ~ t h  District Heat~ng) 

(1) Performance parameters are based upon the combustron turblne operating under 
iso ambrent conditrons, Fuel natural gas Unrts kJ/kWh 

(2) Social Costs remaln constant and are amort~zed over 25 years 
(3) Net MW and Net Heat Rate are for combined cycle plants w~th district heatlng 
(4) The maximum d~strrct heattng water supply temperature from the unrt is 120 deg C 

DESCRIPTION 

R 
450 MW Comblned Cyde 

900 MW Comblned Cycle - 
450 MW Comblned Cycle 

, 

winter 

spr~ngfiall 

summer 

winter -- 
spr~nglfall 

summer 

-- wlnter 

springHal1 

summer , 

NET HEAT RATE (LHV) (1,4) 0 & M COSTS 

Full Load 

5 233 

- -  5 855 
6,420 

- 5 233 - 
- - 5 855 

6,420 

------ 5 307 

----- 5 942 
6,517 , 

NET CAPACITY (MW) (1) 

Mln Load 

----- 5 174 

-5 !ik40 --- 
6,905 

5 174 - -- 
- 58_4!? - 

6,905 

- 5 - - -  247 

- - - -  5929 - 
7,008 

Vanable ($IMWh) 

0 32 

0 32 

- 

0 32 

Full Load 

389 

409 - 

428 

778 - 

81 8 

856 

384 

403 

421 

Frxed ($lkWlyr) Mln Load 

369 

-- 307 
236 

738 - -  

GI4 -- 
472 

364 

----- 304 
232 

Labor & Mat 

8 45 

8 45 

8 45 

Soc~al Costs (2) 

0 00 

0 00 

1 58 



3 2 4 Gas P ~ p e l ~ n e  and Transm~sslon Llne Costs 

A summary of the gas pipeline capital costs is presented in Table 3-5, whlle the capital costs of 
the transmsslon system interconnections are presented in Table 3-6 Transrmssion system losses 
are also ~dentlfied in Table 3-6 

The cost of the gas pipellne is based on the design descnpt~on provlded in Sect~on 3 1 A current 
Russian cost for t h s  pipeline is not avalable An estlmate was prepared based on U S costs It is 
assumed all of the p~pelrne constructlon would be done wth  Russian matenals and labor The 
Russian costs were converted into equivalent U S dollars uslng the factors descnbed above for 
the power plant (Section 3 2 1) 

The costs of lnstalllng gas pipelines wll be different for each site, and these d~fferences must be 
considered in the econormc analysis of the project 

The gas plpellne costs for Krasnodar assume that 25% of the constructlon would take place in an 
urban area (at a hgher cost) The gas plpeline to Novoross~ysk would be installed in conjunction 
wlth the replacement of the exlstlng plpellne sewng Novorossiysk A gas plpellne s~zed to meet 
both the clty requirements and power plant was assumed, wth the power plant assessed a cost In 
proportion to its requirements 

The new CHP plant at Krasnodar wll connect w~th  the ex~sting distnct heating network and no 
costs for distnct heatlng plpellnes are ~ncluded The new CHP plant at Novoross~ysk includes a 
10 h plpellne to connect to the d~stnct heating system Ths new pipeline IS estimated to cost 
$5 88 rmllion based on estimates prov~ded by RAO EES Ross11 

The new CHP plants may avo~d the need to Install new slngle purpose heat only boilers to replace 
aging boiler plants The analysis of plant alternatives cons~ders the cost of heat only boilers A 
heat only boiler plant conslstlng of mult~ple boilers wth a total capac~ty of 1,000 GcaVhr IS 

est~mated to cost $43 mllion 

Transmss~on system upgrades and additions needed to Integrate power plants at either 
Mostovskoy, Krasnodar or Novoross~ysk Into the regonal power system assume that exlstlng tles 
to Ukra~ne are avalable, and that the first stage of the ~nterregional tle between the Center region 
and North Caucasus (three 500 kV lines from Balakovskaya Nuclear Plant to the Rostovskaya 
Nuclear Plant) is available 

Transmss~on line costs are assumed to conslst of 63% matenals, 25% labor, and 12% nght of 
way 
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Table 3-5 

CAPITAL COSTS 
GAS LINE FOR NEW PLANTS 

SITUCASE # 

MOSTOVSKOY 

I 
2a 
2b 
3 
4 

5a 
5b 
6 
7a 
7b 
7c 
8 

KRASNODAR 
9 
10 

l l a  
l l b  

12 

ASSUMPTIONS, 1 Contingency tncluded In lndlrects 

2 A 60 km gas l ~ n e  considered at Mostovskoy Gas llne sized for 5 5 MPa 

3 A 200 km gas llne IS Included for Novorossiysk Cost shown represents project share of 700 mm 

line sized to meet the City requirements and the power plant A compressor IS included In materlal 

costs 

4 A new 60 km gas llne and booster compressor will be requrled for Krasnodar for projects which 
increase current gas consumption It IS assumed that 25% of the plpellne IS In urban areas 

DESCRIPTION 

300 MW Slmple Cycle 
300 MW Slmple Cycle F~rst Staqe 
300 MW Slmple Cycle Second Stage 
600 MW Simple Cycle 
450 MW Combined Cycle 
450 MW Combined Cycle Flrst Stage 
450 MW Comblned Cycle Second Staq 

900 MW Comb~ned Cycle 
450 MW Combined Cycle First Stage 
450 MW Comblned Cycle Second Stag 
450 MW Comblned Cycle Third Staqe 
1350 MW Combrned Cycle 

NOVOROSSIYSK 
13 
14 

- - - - - - - 

300 tnw slrnple Cycle 
450 MW Combined CyclelCHP 
450 MW Combined CycleICHP - 1st Staq 
450 MW Combined CyclelCHP 2nd Sta 

900 EAW Combined CyclelCHP 

CAPITAL COSTS 

RUSSIAN (1995 US 5 ~1000) 
MATERIALS( LABOR I INDIRECT I TOTAL 

300 MW Slmple Cycle 

450 MW Combined CyclelCHP 

14 630 
22 990 

0 
22 990 

I 

I I I 

I I I 
47523 1 8715 1 6030 1 62268 

47 523 1 8 715 1 6 030 1 62 268 
I I 

I 
29175 1 10180 1 4150 1 43505 , 

29175 1 10180 1 4150 1 43505 
44 550 1 10 785 1 5 900 1 61 235 

0 0 0  0 
44 550 1 10 785 1 5 900 1 61 235 

I I I 

24 455 
34 105 

0 

7 405 
7 695 

0 

2 420 
3 420 

0 

14 630 1 7405 
7 695 

22 990 
0 

2420 1 24455 
3420 1 34105 

3420 1 34105 

7 695 
0 

22 990 
0 

7695 1 3420 1 34 105 
0 

26410 1 7 845 1 3 790 1 38 045 

O I O I O  0 

O I o I o  0 
26410 1 7 845 1 3 790 1 38045 

I I 



Table 3-6 

TRANSMISSION COSTS 
AND TRANSMISSION SYSTEM LOSSES 

Plant Opttons 
Cap~tal 

Cost 
Mllllon US$ 

84 

86 3 
84 

105 

192 

89 

89 

99 

89 

9 9 

19 5 

2 3 

23 

2 8 

123 

127 

S ~ z e  (MW) 

300 

600 

450 

900 

1350 

300 

450 

900 

450 

900 

300 

450 

450 

600 

750 

900 
_I 

Transmlsslon 
Loss 
MW 

-4 8 

-1 9 

-3 8 

10 5 

24 5 

-8 7 

-8 5 
-3 9 

-8 5 

-3 9 

-11 3 
-12 7 

-12 7 

-12 7 

-12 4 

-8 6 

2x150MW - Gas Turbines - Mostovskoy 

4x1 50MW - Gas Turbines - Mostovskoy 

Ix450MW - Cornbrned Cycle - Mostovskoy 

2x450MW - Cornbrned Cycle - Mostovskoy 

3x450MW - Cornbrned Cycle - Mostovskoy 

2x1 50MW - Gas Turbrnes - Krasnodar 

1 x450MW - Combrned Cycle Krasnodar 

2x450MW - Combrned Cycle -Krasnodar 

lx450MW - CHP - Krasnodar 

2x450MW - CHP - Krasnodar 

2x150MW - Gas Turbrnes -Novorossrysk 

lx450MW - Combrned Cycle - Novorossrysk 

Ix450MW CHP - Novorossrysk 

4x1 50MW Novorossrysk 

6xl50MW Novorossrysk 

2x450MW Novorossrysk 



W S N O D A R  POWER GENERATION P R O J E ~  

The IPMQ model considers all power generation technologies foss~l, nuclear and hydroelectnc, 
for new capacity addttions throughout Russia Capital costs provlded in the JEPAS study (in 
1994 dollars) for fosstl plant options were rewewed and updated Table 3-7 identifies the capital 
costs for fossil plants used as input to the PMQ model for ths  study 

A portlon of the future electnc power demand in the North Caucasus wll be met by hydroelectnc 
plants that are already commtted The IPM model ~ncludes the followng hydroelectnc plants 

Zaramagskaya 340 MW 4 x 85 MW units Ftrst urut operatton m 2001 
Zelentchuksliaya 160 MW 4 x 40 MW umts F~rst urut operation in 1996 
Aushgerskaya 40 MW 

The Rostov Nuclear Power Plant IS part~ally constructed and the optlon exlsts to complete at least 
the first urut of thls plant The cost used In the JEPAS study of approxlmately $100&W to 
complete constmctlon IS not cons~dered suffic~ent Tahng Into constderat~on poss~ble 
detenorat~on and the potentla1 for safety upgrades, an estimate of $300AW IS assumed as the cost 
to complete the first umt of the Rostov Nuclear Power Plant 

The maxlmum transfer capab~l~ty from the Center Region to the North Caucasus is 1,700 MW, 
includ~ng 1,340 MW golng through Uhra~ne Ths  capab~lity reduces sigmficantly to 1,200 MW as 
a result of the first contingency when an ~ntra-Uhra~man or inter-reg~onal 500 kV llne IS out of 
servlce 

3 4 1 Middle Volga - Center - North Caucasus Project (Base Case) 

A transmssion redorcement program cons~sting of four complementary 500 kV transmssion 
additions w th  a total length of 975 lim has been cons~dered In the JEPAS study The first stage 
cons~sts of 360 km of 500 kV llnes, related substatton upgrading, and converston of the 
Balakovskaya Nuclear Plant to Tmbnaya 500 kV line from 220 kV to the rated 500 kV Russtan 
experts assume th s  stage wlll be completed w t h n  two years, irrespect~ve of the Krasnodar 
project 

The second stage of the project conslsts of 615 km of 500 kV hnes and related substation 
upgrad~ng to be completed in 1997 

Task 1 Report 
Seplember 1995 3-14 



Table 3-7 

COST DATA FOR NEW UN-SITED GENERATING TECHNOLOGIES 

I Atmospheric Flu~d~zed Bed (AFB] 1 300 1 332 1 33 365 150 377 I 35 56 I 618 1 

P 

CLEAN COAL TECHNOLOGIES 

Pulverized Coal Supercnl~cal 

Russian Cost 
1994 US SlkW 

NATURAL GAS TECHNOLOGIES 

Cornbtned Cycle ( t )  

I Pulverized Coal 1 Steam 12 I 133 1 351 394 38 1 78 1 861 1 

Gross Capacity 
Ratlng (MW) 

300 

500 

Non Russlan Cost 
- 1994JSllkW 

COMBINED HEAT POWER (CHP) 
(COGENERATiON UNITS) 

Comb~ned Cycle (3) 

I I I 
AFB I Steam 180 375 I 37 412 195 190 I 46 73 804 

Subtotal 

662 

586 

Equlpment 

107 

94 

360 

450 

(1) Cosls reflect Fore~gn supply 01 gas lurb~ne HRSG and slearn lurb~ne cqulpmenl 
(2) The 40 MW Combuslton Turb~no IS an Aeroderlval~ve model and Iho 70 MW & 125 MW Cornbusllon Turb~nes are Heavy Duly models 
(3) Costs reflecl Foreign supply of gas lurbtne and HRSG and Russ~an supply of Cogenerallon steam lurbtne 
(4) Costs reflect Russ~an supply 01 all plant equtpmenl 

Indirect 

60 

53 

330 

260 

27 

330 

Labor 

29 

26 

~ u l p 6 i ~ ~ ~ a l o r l a l s  

270 

239 

lndlrect 

11 

9 

I 

303 

268 

--sGbtb(o?il- 

118 

103 

216 

216 

29 1 

146 

146 

32 

32 

1 2 7 1 0  0 0 I 198 183 
10 59 450 I 38 

227 

227 

- 503 

0 

197 

197 

437 

0 

19 

19 

248 

24 8 

215 

215 

210 

291 

5 

30 

30 

66 

0 

5 

5 

16 

1 6 

28 

28 

27 

38 

114 

1 OG 

1 OG 

6 

6 

8 

5 

46 

46 

56 

134 

Cornbtned Cycle (4) 260 0 

135 

135 

119 

114 

0 0 134 



KUSNODAR POWER GENERATION PROJEm 

The costs associated wth  the construction of the first stage of the Mddle Volga - Center - North 
Caucasus project are considered to be cornmtted costs and are not Included m ths  economc 
analysls 

3 4 2 Volgograd-North Caucasus and Southern Center-North Caucasus Projects (Change 
Cases) 

Add~tional transmsslon projects that could increase the power transfer capability to the North 
Caucasus were considered as change cases as follows 

Volgograd - N Caucasus (540 km of 500 kV l~ne from Frolovo wa Shahty to the 
Rostov nuclear power plant, 84 km of 220 kV line and related substation 
upgrading) 

Southern Center - N Caucasus (525 km of 500 kV line from the 
Novovoronezskaya nuclear power plant to Shahty and related substation 
upgradrng) 

All three of the srtes proposed for the addition of generation capacity in the Krasnodar Krai have 
certarn uruque advantages They differ pnncrpally In terms of four items transmssion access, 
proxlrmty to gas supply llnes, d~stnct heat~ng ~ntercomection and the need for infi-astructural 
improvements to support the fbture plant operatlng staff and thelr farmlies The costs of these 
Items have been Included In the overall est~mates of capital and operatlng costs of each of the 
options under consrderat~on The costs vary wth  both plant capaclty and technoIogy type, as well 
as wth the specific location of the sites 

In general, transrmssion costs have the most impact, plants located near load centers that are 
remote from emsting plants and replacement plants benefit from hawng low transrmss~on cap~tal 
cost impacts and potentially hgh savlngs In transmssion losses Ths  IS the situation for both the 
Novorossiysk and Krasnodar sltes, whle the Mostovskoy site is adversely affected by being 
remote from load centers Gas line costs are also a major factor as explained in Section 3 1 and 
vary for each s~ te  Soc~al costs are only a factor at Novorossiysk Housing for plant staff has 
already been constructed at Mostovskoy, and the emsting housing in the city of Krasnodar is 
cons~dered to be adequate to accommodate the plant staff and their fanulies 

In Chapter 5, the impact of the non-plant costs on the cost of power generation is identified As 
descnbed In Sect~on 5 2, the gas plpellne cost for Novorossylsk has a sigmficant impact on the 
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cost of electnc~ty, as does the transmsslon cost ~rnpact at Mostovskoy The impact of social 
costs are rmnlmal 
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4 1 OVERVIEW OF THE LEAST-COST ~ S T M E N T  PLAN 

The least-cost Investment plan analysis builds upon the efforts already undertaken for the North 
Caucasus regon under the JEPAS The assumptions were rewewed closely w t h  World Bank staff, 
enabhg a set of normabve least-cost plans to be developed for the North Caucasus regon, focusing 
on Krasnodar Kra Among the assumptions under review were 1) the load forecast for both 
e lmci ty  and heat, 2) the expected evolution of the shape of the load duration curve, 3) broademg 
the options to include simple cycle gas turbines, 4) the potential for supply from other regions 
(including Ukraine), 5) the feasible start dates for new plants, 6) the cost estimates for new 
Investments, and 7) the fuel cost assumptions 

Budding on work undertaken for the JEPAS, a new power demand forecast was developed for the 
1995-2020 penod for the North Caucasus Assessments of the structure of demand were undertaLen 
to detemne the expected changes m demand charactenstics (e g , the impact of decreasing base load 
demand due to industry closings and increases in peak demand due to growth in the household and 
service sector markets) The impact of inter-fuel substitution (such as the replacement of coolung 
loads semced by gas w th  electnc stoves) and energy efficiency investments have also been 
addressed The demand management aspects build on analytical work undertaken by Russran 
consultants The results fiom the more detailed analysis of the Krasnodar Krai have been used to 
update the demand forecast for the North Caucasus reglon 

The study rewewed the status of the exlstmg assets m the Krasnodar system, focusrng on the age and 
reliability of existing plants, and the likely timetable for decomrmssiomng or replacing these plants 
The transmission and distnbution systems have been assessed to detemne the impact on project 
costs, based on an assessment of current and forecast loss levels The companson of specific 
alternative electricity generation srtes has been made using spreadsheets to identify the most 
appropnate choices for the Krasnodar Krai 

The study assessed the available investment options for meet~ng future demand Ths  encompassed 
the candidate plants that have been prewously assessed by others, including plants at Mostovskoy, 
Krasnodar TETS, and Novorossiysk The relative ments of combined cycle and simple cycle plants 
were revlewed to d e t e m e  the optlrnal rmx of plants and the staging of investments, given the need 
for combmed heat and power Alternative sites were assessed to evaluate the benefits of a combined 
approach to meeting both power and heat demand 
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The study also rewewed the exlsting and planned generation and transrmssion system In the North 
Caucasus regon to detemne the potential for supplying demand m the Krasnodar Kra  from 
elsewhere in Russia and Ukrane 

The result is an Investment plan for the Krasnodar K r a ~  regonal power system, based on a thorough 
analysis of the trade-offs among alternative generating types and location, and transmssion options 
evaluated over the penod 1995-2020 

4 2 1 Screening Model 

The evaluation of generation alternatives in a least-cost plan requires the consideration of numerous 
possible combinations of fuels, technologes, and slzes of generation umts In practice, the number 
of cholces can usually be reduced somewhat because of restnctions Imposed by fuel avalab~lity, 
system size and load charactenst~cs, however, there can still be a very large number of alternatives 
to be considered in the analysis The number of possibilit~es can be reduced by companng the 
economic performance of each resource at different levels of utilization Ths  IS done by a type of 
model hnown as a "screemng" model 

A screening model typically does not use specific information about system load It calculates the 
mnormc performance of each possible generation option over its full load range By companng the 
relatlve performance of vanous optlons at specific ranges of utlllzation, the most likely optlons can 
be identified for In-depth consideration by a dynamc model 

The basic methodology used m the screemng analysis ~nvolves the computation of the level~zed costs 
of capital and operat~ng expenses The levellzed approach allows for the consideration of factors 
such as mcreases m operatmg costs, construction tune, and the cost of capital, in additlon to present- 
day capital and operating cost levels In t h s  study, the screemng analysis was also applied to 
determine the cntical levels of seasonal distnct heating ut~lization for choosing between CHI? and 
combined cycle applications at each site 

The screerung model used In th s  study calculates the levellzed fixed and vanable operating costs in 
terms of $kW-year and $kWh, respectively These costs are then combined for specific load factors 
to glve production costs in terms of $/kWh The model also Includes credits for distnct heating in 
CHI? umts, both in terms of net savlngs of fuel and the avoided capital costs for heat-only boilers 
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4 2 2 L~near Program Model 

A core element of the least-cost p l m n g  effort is the IPV integrated planntng model, whlch was 
applied to charactenze the Russian UPS as part of the JEPAS 

The IPM? is a least-cost p l w n g  model that uses a h e a r  p rog ramng  algorithm to select 
Investment optlons and to dlspatch generatlng resources to meet overall electnclty demand and 
energy requuements A graphlcal overvlew of the model Inputs and outputs is shown In Flgure 4-1 

F~gure 4-1 
IPMO Features 

* 

I hTUTS  

Exlsting Uruts 
Fuel Pnce Project~ons 
New Resources 

Supply-Slde 
Renewables 
Demand-Slde 

Fuel Use Constraints 
Transrmsslon L~rmts 
Hourly Consumpt~ont 

EM0 
Operations 

Multl-Year Sirnulat~on 
Mu1 t I-Regional 
Simulation 
Least-Cost Optlmizat~on 

Utility generatlng optlons are charactenzed in terms of their capltal costs, operat~ng and 
maintenance costs, fuel costs, heat rates, rel~ab~lity, and lead t~mes The amount and schedul~ng of 
available powerfrom outslde the North Caucasus gnd and ~ t s  costs are evaluated as poss~ble bulk 
power purchase optlons, e~ther for economy or for finn power purchases 

OUTPUTS 

Capacity Addltlons 
Purchases 
Transrmss~on Additions 
Fuel Use 
Capaclty Factors 
Life Cycle Costs 
Marginal Costs 

Least-cost investment options are selected by the model based on 

A 

the cost and performance charactenstics of available options 

t forecasts of customer hourly consumption of electnclty 

t reserve margln requirements 
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The most efficient use of the exlst~ng and new resources avalable 1s optirmzed gven 

t the resource rmx 

c umt operating charactenstlcs (including heat rate, forced outage rates, fbll 
and rmmmum load umt ratings) 

c operation, mantenance, and fbel costs 

The model IS dynamc, that is, rt develops a least-cost capaclty plan for the entire forecast penod 
at once Decisions are made on the basis of mmmzing the net present value of capital plus 
operating costs over the full p l m n g  honzon 

I P f l  also incorporates seasonal factors into the opt~rmzat~on process Seasonal~ty is cntical to 
realistic modeling, particularly wth  regard to the avadabillty of reservoir and run-of-nver hydro 
resources, the cost and operatron of pumped storage plants, and the seasonal operation of 
combined heat and power unrts 

4 2 3 Power Rehability Assessment Model (P-RAM) 

To complete the economic and financial analysis of the potenhal generating projects, eshrnates 
of the amount of electricity generated and its value were required The value of electnc~ty 
generated at each proposed plant has two components Flrst, electricity generated wlll displace 
more costly electncity generated at less efficient plants Secondly, the proposed plant will 
meet some electncity requirements that would otherw~se go unserved 

The IPM results provided eshmates that estlmate the first component of a plant's value 
Specifically, IPM eshmated the amount of electncity that will be generated by a parhcular 
plant and the marglnal cost of electnc generahon displaced by the plant However, IPM does 
not eshmate the change m unserved energy that would result from the construchon of the 
plant For thls purpose, the study team uhlized a power reliability assessment model P-RAM 
is designed to esbmate for each hour of a planning year the loss of load probability and the 
amount of unserved energy 

P-RAM esbmates the probability distribution of generahon capacity for each hour of the 
planning year Thls capacity probability distnbut~on for a glven hour is combined with a 
range of hourly load eshmates that reflect load uncemnty to denve a loss of load probability 
Generabon capacity addihons shift the capacity probability distnbubon to the nght effechvely 
reducing the probability of an outage Based on thls probabil~sbc approach, P-Ram eshmates 
expected unserved energy 
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For this analysis, P-RAM was run twice In the first run, unserved energy was esbmated 
assumlng that exlshng plants rettre according to the schedule detaded in Append~x A and that 
no new plants, other than comrmtted units, are to be added In the second run, unserved 
energy was esbmated using the same retuement schedule, but in this case the proposed is 
assumed to be completed The P-RAM results for these two runs were analyzed to esbmate 
the change in unserved energy attnbutable to the proposed plant 

4 2 4 Base Case and Change Cases Used In the IPMO Model 

The followng assumptions w11 be included in the base case of the IPh4? modeling work 

A One demand scenano (the Base demand) w11 be considered based on current 
indications that the Russian economy has begun to rebound 

B The model will assume that the Rostov 1 nuclear power plant w11 not be 
completed 

C The Mostovskoy plant site wll be treated as an option for development, not as a 
c o m t t e d  project 

D The model wll assume that power wll not be avalable from Uhraine, or fiom 
other reglons of Russia vla Ukrainian transmssion lines 

E Political tunno11 in Checha  will not have a lasting effect on the North Caucasus 
transmss~on gnd 

F The transmssion capacity 11nk1ng the North Caucasus to the Center UPS wll be 
increased to 900 MW dunng 1997 Of that capac~ty, 750 MW wll be c o m t t e d  
as "firm capacity " 

G Exlst~ng plants w11 be retired after 40 years 

In add~tion to the base case evaluat~ons, change case model runs will be conducted based on the 
following changes in the model's base assumptions 

A An add1tional500 MW of transmssion capacity (450 MW of firm capacity) fiom 
the Center UPS w11 be added to the gnd 

B A hrther add~tion of 500 MW of transrmssion capacity (450 MW of firm capacity) 
from the Center UPS wll be added to the gnd 
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C The transrmssion tle to Ukrane w t h  a capacity of 1,400 MW wdl be re- 
estabhshed, w th  a firm capaclty comrmtment of 700 MW 

D The Rostov 1 nuclear power plant wll be comrmssioned at the end of 1999 wth  a 
net capacity of 1,000 MW 

E Energy demand wll grow at a slower rate due to weak level of economc recovery 
(the low demand) 

4 3 SUMMARY OF DATA AND ASSUMPTIONS 

IPM? was recently used to model the entlre Russian Urufied Power System for the JEPAS The 
multi-reglonal structure and plant aggregation categones developed for that study were retamed 
for the Krasnodar project, since they offer an appropnate balance between mmrmvng execution 
time and computer resources on the one hand, and maintain sufficient detal to capture the Ley 
regonal generation and transmsslon charactenstlcs of Russla 

4 3 1 Regions 

The North Caucasus is one of Russla's seven Umfied Power Systems, it was not dlsaggregated 
for the Krasnodar analysls However, add~tional detali was developed for the North Caucasus, and 
selected Inputs were refined based on new data tiom RAO EES Rossii, other contractors worhng 
on the Krasnodar project, and other sources 

4 3 2 Generatron Capaclty 

Refined data on the costs and performance charactenstlcs of new generating umts were 
developed Recent data on the capacity m x  and retirement schedule for the North Caucasus were 
complled for t h s  study The capacity nux and retirement schedules for the rest of Russla used In 
the IPM model are those from the JEPAS 

In modellng transmsslon Ilnks, a 360 MW 11nk between the Center reglon and the North 
Caucasus IS assumed to be In operation, of whch 200 MW IS treated as firm, rellable capaclty for 
rneetlng peak demand The llnk Increases to 900 MW in 1997, of whch 750 MW w11 be rellable 
for meetlng peak demand requlrements 

Intra-reglonal transmsslon IS not expl~citly modeled, but IS ~mpl~citly treated as unbounded 
Transmsslon losses are explicitly modeled, ths  study assumes 5% losses on ~nter-reglonal 
transmsslon Intra-regional losses for transmsslon and distnbutlon comblned are 11% The 
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transrmssion losses associated wlth alternative capacity options were developed for the Krasnodar 
project 

4 3 4 Flnanc~al and Econorn~c Assurnpt~ons 

Natural gas pnce forecasts for the North Caucasus (shown in Table 4-1) were provlded by the 
World Bank, and are based on the assumption that gas pnces are regulated and allow for fill 
recovery of costs plus a return on Investment For other regions, dehvered natural gas pnces were 
calculated based on city-gate pnce differentials denved from the July 1993 Hagler Badly report 
Prrncrples of Natural Gas Prrcrng rn Russra Gas pnces increase at the rate of 2% per year 
starting in 2005, reflecting dimrushed production from the Urengoy field, whch w11 be offset by 
hlgher-pnced product~on in the Yamal Pemnsula and other sources 

Table 4-1 
Natural Gas Prices 

(January 1995 U S $/thousand m', del~vered) 

North North hflddle 
Year Caucasus Center West Volga Urals Tyumen S ~ b e r ~ a  

1995 $40 $33 $34 $30 $27 $2 1 $34 

The coal pnce forecasts were used in the JEPAS he1 pnce sensitivity change case Forecasts for 
hgh-grade b~turmnous and Iigmte coal In the North Caucasus are shown in Table 4-2 For 
comparative purposes, hgh-grade bltumnous pnces for other connected regions are shown m 
Table 4-3 
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Table 4 2  
North Caucasus Coal Prices 

(January 1995 U S $/tee, del~vered) 

Hlgh-Grade 
Year Blturn~nous L~gnite 
1995 $4 1 $40 
2000 $44 $48 
2005 $48 $5 8 
2010 $53 $69 

Table 4-3 
High-Grade Blturnlnous Coal Prlces 
(January 1995 U S Sftce, del~vered) 

North North hhddle 
Year Caucasus Center West Volga UraIs Tyurnen Slber~a 

1995 $4 1 $35 $38 $30 $26 $26 $13 

2000 $44 $4 1 $45 $35 $30 $32 $17 

2005 S48 $47 $53 $4 1 $35 $4 1 $22 

Calculafzon of Real Escalat~on Rates Real escalation of capital costs was taken into account in 
thls analysis The Russian component of the cost estimates was assumed to escalate over tlme in 

real terms to approach current Western levels by 2010 As listed in Table 4-4, the escalation 
factors used for t h s  analysis were developed in the JEPAS 

Table 4-4 
Escalat~on Factors 

(Russ~an Costs Relatlve to U S Costs) 

Year Materlal Equipment Labor 

199411995 0 70 0 50 0 10 

2000 0 85 0 60 0 30 

2010 0 90 0 90 0 60 

Task 1 Report 
September 1995 4 8 



The methodology for applyng these escalation factors consisted of the followng 

The Russian equipment, labor, and matenal capital cost components were 
escalated by applylng the factors m Table 4-4 

Indirect costs were escalated uslng a we~ghted average of the matenal, equipment, 
and labor escalation rates The welghts used in ths  calculation were the capital 
costs m January 1995 U S dollars 

& Owner costs were escalated uslng a weighted average of equ~pment, labor, 
matenal and lnd~rect escalat~on rates 

Contingency costs were escalated uslng a welghted average of equipment, labor, 
matenal, indirect, and owner costs 

Fixed operation and maintenance costs were escalated uslng a weighted average of 
labor and matenal escalation rates, wth  a 30% weight for labor and a 70% welght 
for matenals 

Vanable operation and maintenance costs were escalated at the same rate as 
matenals 

Other Ley financial and economc assumpt~ons are listed in Table 4-5 

Table 4-5 
Other Key F~nanclal and Economlc Assumptions 

Real dscount rate 15% 

Physical llfetlrnes 
Thermal plants 

5% per year 

40 years 

Hydroelectric plants 50 years 

Cost of Unrerved Energy In order to compare projects w~th  different completion schedules, a 
value for the difference In contnbution toward meeting unserved demand 1s needed The cost of 
unserved demand is evaluated uslng a proxy generation option that is based on the assumption 
that emergency d~esel generators w~ll be used to produce power when customers are derued 
semce fiom the gnd Ths  1s generally what occurs dunng shortages when lndustnal and larger 
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comrnerc~al enterpnses must operate in regons are curtailed The fixed charge used for t h s  power 
source is $84/kW-year and the vanable cost IS $0 0774kWh 

Ths  IS based on the followng assumptrons 

Cap~tal Cost 
Maintenance Costs 
Heat Rate 
Dlesel Fuel Cost 
Plant Llfe 

300 $kW 
26 $/kW - year 
14,240 WkWh 
190 $/ton 
10 years 

Residential demand is not Included In computing the cost of unserved energy Thls IS because of 
the policy of Russlan ut111ty companies to gve  pnonty to resldentlal customers dunng shortage 
penods 

The magmtude of the unserved demand has been estimated by RAO EES Ross11 to be 
approxlmately 58,000 MWhIyear Ths  IS based on an average curtalment of 110 MW for 132 
hours per month dunng the months of November, December, January, and February Uslng the 
umt costs mentioned above to detennlne the annual cost of unserved energy, the annual cost 
approxlmately $13 5 mlllon, or SO 233kWh As ths  IS based on a current shortage of 928 MW, 
we can calculate the average unlt cost for unserved demand to be $14 6klV 

Demand projectlons for electnclty and heat consumption In the North Caucasus and Krasnodar 
Kra were developed by the Center for Energy Efficiency (CENEf) in Moscow A complete text 
of CENEf s findlngs are presented in Append~x C CENEf evaluated hlstoncal data and 
projections on economc conditions and electnclty supply, and developed detalled projectlons for 
consumption through 2020 The projectlons for electnclty and heat demand for the North 
Caucasus UPS are shown In Flgures 4-2 and 4-3 and Table 4-6 

The base projections have been calculated on the assumption that economc growth in the reglon 
wll average just under 5% dunng the study penod The hgh projection IS based on the assumed 
economc growth rate of 8%, and the low scenano IS based on the assumed growth rate of 2% 

Using the consumption figures and hlstoncal records of hourly demand, projected hourly demand 
curves for electnclty were developed for each year through 2020 These demand curves were 
incorporated into the linear program model, where they are used to project capacity requlrements 
through 2020 The annual peak demand electrical projectlons for the North Caucasus UPS are 
shown In Figure 4 - 4 and Table 4 - 6 

Task 1 Report 
Seplember 1995 4 10 q t  





Krasnodar Power beneratron Project 

Heat Consumpt~on Forecasts for the North Caucasus 

September 1995 

,%%- 

Year 

Task 1 Report 

- Base 

- - Low 







The objecttve of this study task has been to assess the need for the Krasnodar Power Generabon 
Project, and evaluate the economic ments of the proposed sites, and to prepare a ranhng of 
options that fit within d e f i n ~ ~ o n  of a least cost plan The results of this task ~ndicate that the 
development of natural gas fired plants in Krasnodar Kral, using high-efficiency combusbon 
turbines, are an economical and necessary step in improving the power supply situabon in the 
local area and in the North Caucasus as a whole 

h menboned in Secbon 3 5, all three of the sltes proposed for the addibon of generabon capacity 
in the Krasnodar Krai have certa~n unique advantages They differ pnnclpally in terms of three 
Items transmission access, proximity to gas supply lines and the need for infrastructural 
improvements to support the future plant operatmg staffand then families In addlbon they differ 
in base heat rate and the extent of base load d~stnct heatrng demand The stabc screening 

analysis was used to Identify the overall Impacts on the likely producbon costs for the three 
technologes when used at each of the three sites The relative impacts of the factors are 
explaned below (Spreadsheets showlng the detailed results of the static screening analyses for 
each of the sltes are Included in Appendix D) 

5 1 1 Non-plant Cost Impacts 

Transm~ss~on Costs 

Of the factors not related directly to the technology, transmission had the greatest relat~ve impact 
on productton costs The impacts vaned from zero in the case of a replacement CHP unit for the 
Krasnodar TETS site to 0 0048 $/kwh for a 450 MW plant at Mostovskoy Among opbons for 
green field plants theNovoross~ysk site has an advantage over the other sites for capacities up to 
600 MW, after that its transmission costs are sim~lar to those of the Krasnodar site, with costs 
v q n g  from 0 0036 to 0 0055 $/kwh The Mostovskoy site, because of ~ t s  distance from existing 
load centers, is only compebtlve at capacities of 900 MW and above in terms of transmission 
costs 
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Gas Line Costs 

Gas l ~ n e  costs are a major factor which affect all sites The Mostovskoy site is not currently 
served with natural gas, a lateral of approxrmately 60 krn to an exlsbng gas trunk l ~ n e  will be 
needed to supply the plant The cost of the lateral will be from $24 to 38 million depending on 
plant slze The cihes of Krasnodar and Novoross~ysk are currently served by gas lines, however, 
any significant Increase In the needs for natural gas at e~ther locabon will also require major 
cap~tal Investments for Improving gas dellvery The only excepbon IS the case of the 450 MW 
replacement plant at Krasnodar TETS, where gas is already supplied to the s ~ t e  A 450 MW 
expansion of the Krasnodar TETS slte would require gas pipelme Improvement costs of $44 
million, and a 900 MW expansion would require $61 mllllon At Novorossiysk, which IS the 
greatest distance from the major gas trunk lines, extensive improvements for expand~ng the 
capaclty of the exlsbng gas supply plpellne would be requ~red at costs ranyng from $62 to 76 
million, depending on the size of the plant 

The Impact of gas p~pe l~ne  investments on the cost of production for the Mostovshoy site will 
range from 0 0009 to 0 0043 $ k w h  depending on the ultimate plant size, the impact at 
Krasnodar wll range fiom zero to 0 0078 $/kwh, whlle the impact at Novoross~ysk will vary from 
0 0026 to about 0 0108 $/kwh 

Soc~al Costs 

Soclal costs only have an impact at Novoross~ysk, slnce housing for the plant staff has already 
been constructed at Mostovshoy and the exlsbng housing in the city of Krasnodar is considered 
to be adequate to accommodate the plant staff and the~r fam~lies The impact at Novoross~ysk was 
on the order of 0 0003 $/kwh for all plant slzes 

5 1 2 CHP Impact On Heat Rates 

The opportunity to improve overall economic performance through the utd~zatlon of plant waste 
heat for distnct heabng provides a dist~nct advantage to plants in or very near urban areas The 
dual use of energy inputs that CHP unlts accomplish allow those plants to operate at effectwe heat 
rates that are substantially below comparable plants which do not make use of waste heat from 
the steam power cycle 

Both Krasnodar and Novoross~ysk have distnct heating markets, and can take advantage of CHP 
plants Mostovskoy is not an urban area and is not able to make use of the plant waste heat In 
cases where CHP can be used, ~ t s  heat rate advantage amounts to an average year-round savings 
of approx~mately 0 0008 $/kWh In cases where a CHP plant is matched to meet a year-round 
base load heat demand the savlngs advantage can Increase to approxlmately 0 0010 $ k w h  The 
high level of d~stnct heatlng use in Krasnodar makes it an attractwe site for up to 1350 MW of 
CHPIComb~ned Cycle capaclty However, much of the demand for distnct h e a ~ n g  in Krasnodar 
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is already served, and energy conservaQon measures may llmlt or even reverse demand growth 
there In Novorossiysk where the base demand is much lower, 120 Gcalk versus 380 Gcalk at 
Krasnodar, a CHP plant of up to 300 MW may prove cost effectwe when comblned with base 
load power generabon 

5 1 3 Ranhng of New Plant Opt~ons 

When the factors discussed above are compiled for each plant type at each s ~ t e  a strong ind~cabon 
of the best site opbons for plant specific sizes results This IS eas~ly illustrated In the compansons 
of slung advantages shown in Figure 5-1 for simple cycle and comblned cycle plants These 
values are calculated on a technology by technology bass  because c h a n ~ n g  capaclty factors over 
bme make compansons between plants with d~fferent technologes d~fficult to evaluate without 
the use of a dynamic modeling tool such as IPM? 

The static screening results are also shown in Table 5-1 T h ~ s  tablekindicate the relabve 
advantages of each of the sites for vanous comb~nabons of S~mple Cycle and Combined Cycle 
opbons @emled spreadsheets show~ng the complete stauc screenlng analyses are presented in 
Appendix D ) The stabc screenlng does not present a final answer on the least cost plant opuons 
but ~t was used in selecting candidate options for l ~ f e  cycle evaluabon by the IPMO Thls is 
needed to assess the cost performance of the ophons In response to varylng load c o n d ~ ~ o n s  over 
the~r  11fe time 

Table 5-1 
Cost of Generation for Various Sites 

Costs In $/kwh 

Tksh 1 REPORT 
September 1995 5 3 



A second Qme related factor that must be considered In selecttng least cost options is the probable 
complebon bme of each of the plant opoons Because there 1s a severe shortage of power In the 
region, economic losses are accumulabng as a result of power curtailments The sooner this 
sttuation is resolved the sooner the regon will recover economically This places a premium on 
plant opbons that can be brought on lrne quickly 

5 1 4 Replacement Projects 

Replacement power projects offer substanbal advantages over greenfield plants in cases where 
the construction of the replacement plant can occur while the exlsbng untts remain on line The 
reasons tnclude savings in land and infrastructure costs, the existence of the necessary 
transmission and he1 supply lines, and the absence of social costs that could result if workers at 
the existtng s~tes were to become unemployed or have to move Thls IS the sttuauon at the 
Krasnodar TETS slte The plant is currently scheduled to have a total capacity of 350 MW 
replaced over the penod of 1998 to 1999 with a 450 MW Combtned Cycle Plant The 
replacement of that capacity wtth a state of the art CHP/Combined Cycle plant w~ l l  provide a 
more econom~cal option than any of the other plants constdered tn thts study 
As the Krasnodar TETS plant is the only thermal site of any magnitude within Krasnodar Kra~,  
~t IS the only cand~date for replacement power All other sttes are considered to be greenfield 
sttes It is assumed that up to 450 MW additional capacity can be added adjacent to the 
Krasnodar TETS plant when 300 MW of the older CHP unlts are retired in 2003 

5 1 5 Stattc Screen~ng Results 

Combtned CycIe Opt~ons 

Combined cycle opbons fall into two categones wth  and wtthout distnct heating The study has 
determined that CHP plants wll  offer advantages in cases where the annual distnct heat demand, 
that which IS not already served by a CHP installation, IS equal to approxtmately 60 percent of the 
annual heat generabon capac~ty of the unit to be added This condit~on 1s satisfied for a capacity 
equivalent to two 450 MW installat~ons at Krasnodar (presumably one as a replacement of the 
exlsbng untts that are about to be retired and the second a new unit) At Novorossiysk, a single 
unit of 450 MW will exceed the current base load heat demand, so ~t would take full advantage 
of the CHP fie1 savlngs opportunity for perhaps 8 to 10 years (see Figures 5 2 and 5 3) Once 
the CHP opportunities are satisfied, convent~onal Comblned Cycle units will provide least cost 
opbons where base load capacity is needed The following list gives a rank order of Comblned 
Cycle options starttng with the lowest cost alternative (Producbon costs are at 80% capactty 
factor) 
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2dh Q p a c ~ t y  Production Cost. %/kwh 

Krasnodar CCICHP 450 MW 023 6 
Mostovskoy CC 900 M W  0318 
Novoross~ysk CCICHP 450 MW 0320 
Novorossiysk CC 450 MW 0320 
Krasnodar CC 450 MW 0333 
Mostovskoy CC 450 MW 03 3 9 

Slmple Cycle Optlons 

The ranhng of simple cycle opnons is more stra~ght forward that for the Combined Cycle options 
There are no slmilar plants scheduled for near term retirement, and there 1s no CHP alternabve 
for this technology The follow~ng llst glves a rank order of 300 MW and 600 MW Comblned 
Cycle options stamng with the lowest cost alternabve (Produc~on costs are at 40% capacity 
factor ) 

3.k 
Novoross~ ysk 
Mostovshoy 
Krasnodar 
Novorossiyslc 
Mostovshoy 
Krasnodar 

CaDacltv Production Cost, $/kwh 
600 MW 0 0469 
600 MW 0 0474 
600 MW 0 0494 
300 MW 0 0519 
300 MW 0 0580 
300 M Y  0 0607 

With the ranlung ~nformabon above decisions can be made based on the overall need for capacity 
in the regon as to where to add plants and in what order 

5 2 RESULTS OF THE IPM ANALYSIS 

The North Caucasus IS in need of substantial generation capacity additions in the immediate 
fiture At this hme, there is a program of Hydroelectric plant additions, totaling 160 MW, that 
is scheduled to bnng capacity on line gradually between 1996 and 2000 In addition, a 500 kV 
transmission llnk with the Center UPS is scheduled to be completed in 1997 This will provide 
an addibonal550 MW of firm capacity to the reglon There is also a current program to replace 
159 MW of agng boller equipment and 190 MW of combustion turbines at the Krasnodar TETS 
site wth a 450 MW CHPICombined cycle plant The IPM analysls indicated that, even wlth these 
addibons, there is a pressing need for building new gas fired power plants In the North Caucasus 
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5 2 1 EM Base Case Results 

With regard to gas fired plants, the study has found that there 1s a need for the addltlon of 
approxlmately 940 MW of new thermal capaclty in theNorth Caucasus In 1998, thls IS the earllest 
date that is considered feaslble for commlssionlng new units The study has also detemlned the 
need for about 268 MW addi~onal capacity In 1999, and for approxlmately 405 MW of capacity 
In 2000 This wlll be necessary to maintaln a system reserve margn of 14 percenf wh~ch is 
considered to be the minlmum for assunng rel~able system operabons These addr~ons would 
add a total of 1800 MW In gas fired capacity to the North Caucasus UPS dunng the next five 
years Because new and replacement capacity cannot be comm~ssioned pnor to 1998, a potentlal 
capaclty shortage, rangng from 689 to 1103 MW, will exlst in the regon through 1997 To 
el~mlnate the shortage, ~t will be necessary to extend the life of some of the units that have been 
scheduled to be retired through 1998 T h ~ s  is necessary because there is no pracbcal poss~bil~ty 
for adding new generating capacity before that year 

The attached Table 5-2 lndlcates the annual needs to add new capacity as demand grows and 
rebrements reduce the capac~ty avalable from exlshng units The tabIe aIso shows that it will not 
be poss~ble to el~minate capaclty shortages until 1998 This is because there 1s no practical 
possibil~ty for addlng thermal new generating capacity before that year Detailed results of the 
IPM base and change cases are presented In Appendix E 

5 2 2 Change Case Results 

Five change cases were evaluated to determine the potenual impacts of possible changes In the 
economic cl~mate or electnc~ty supply sltuatlon in Russia These are discussed below 

Low Growth Scenano - A change case was developed uslng the low growth demand projection 
shown in Sechon 4 4, to assess the impact of a slow recovery of economic activity in Russia This 
case showed a sharp drop in the need for add~tional capacity in the North Caucasus throughout 
the study penod, with the need for added fossil capaclty additions between 1998 and 2005 
declining from 4030 to 2970 MW, when compared to the Base Case The low growth scenano 
also indicated that the near term capacity shortage would be eased, although it would not go away 
This was due to peak demand declining to 7960 MW In 1996, and not returning to the 1994 level 
until 2001 

500 MW Transm~sslon Re~nforcement - Thls change case evaluated the Impact of a 500 MW 
transmission capaclty reinforcement which would provlde an addlbonal450 MW of firm capacity 
from the Center UPS The addition of a substantial amount of firm capaclty being provided 
through firther development of the Center-North Caucasus transmission link would decrease the 
need for adding capacity by 500 MW This project is currently under considerahon, but the 
capital and operabng costs have not been determined While such a project m~ght  lead to lower 
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lnibal costs, lt is likely that over the long run that costs associated with hlgh transmisslon costs 
and reduced system rellabillty would out weigh the initial sawngs Further study of thls opbon 
IS needed to determine ~f ~t would be cost effective 

1000 MW Transrnlss~on Re~nforcernent - T h ~ s  change case evaluated the Impact of addlng 1000 
MW of capac~ty to provlde 900 MW of firm capaclty from the Center and Mid-Volga UPS'S Thls 
project IS essenbally the same as the prewous case, except for ~ t s  magnrtude It would reduce the 
capacity addibon needs by 1000 MW over the study penod The same concerns exist regarding 
transmisslon losses and reliabil~ty There IS also a quesbon as to whether ample sources of low 
cost power w11 be avalable from the Center and Mid-Volga UPS'S to sabsfy thls added demand 
Further study is also needed for this option 

ReestabIlshrnent of Transmlss~on vta Ukra~ne - Pnor to the break-up of the USSR, and for some 
ame thereafter, up to 1400 MW, of which 700 MW was firm capacity power that was generated 
at nuclear plants in the Center UPS was transmitted to the North Caucasus via the Uhratne gnd 
Thls pracbce was discon~nued due to frequency control and reliability problems wlthin the 
Ukraine transmisslon system Whtle the poss~bility extsts to reestablish this link, there are senous 
technical and political problems in the way It is hlghly unl~liely that transmission via Uhraine 
could be restored pnor to 1999, but if it reestablished in that year it would ellmlnate the need to 
provlde fossll capacity addttlons dunng 1999 and 2000 

Rostov 1 - The work on the Rostov nuclear plant IS currently suspended due to public concern 
about ~ t s  safety and lack of hnds  Minatom IS endeavonng to get approvals to complete this 
1000 MW plant, and may succeed in dolng so by as early as 2000 Whlie this addltlon of 947 MW 
of firm capactty would result In elimina~ng the need for fossil capacity addtbons from 2000 to 
2003, it does not displace need for added capacity in the near term 

In the sensihvity cases, the largest change in projected total capacity additions in the North 
Caucasus occurred m the low demand case In this case, total capacity addihons are projected to 
be 1,050 MW lower than in the base case In all these cases, the first uncommitted capacity 
additions occur in Mostovskoy in 1998 However, as the amount of capacity addihon 
requ~rements m the North Caucasus are reduced in the change cases due to transmisslon capacity 
addibons or nuclear plant complehon, less combined cycle capacity is projected to be bullt at the 
Mostovskoy location In these change cases, combined cycle capacity addihons through the year 
2005 at the Mostovskoy ate range from 1900 MW to 2500 MW 

Thus, the Integrated P h m g  Model analysis lndlcated that m all cases at least 900 MW of simple 
cycle and combrned cycle c a p t y  addibons should be added in the next five years at Mostovskoy 
to meet increasing demand in the North Caucasus region 
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Regarding the general locabon of the new capac~ty, ~t appears that Krasnodar Krai is the most 
llkely area In theNorth Caucasus for major capac~ty addlbons because over 600 MW of emsbng 
capac~ty is scheduled to retIre before 2005 and the regon is already heavlly dependent on other 
reglons for power Of the three potential sites, only the Mostovskoy slte IS available for the 
add~bon of new capaclty In 1998 and, it IS lirnlted to the add~bon of s~mple cycle gas turbines due 
to construcbon lead bme concerns The other two s~tes  are expected to requlre an add~tIonal year 
or two of lead bme because of the need for envlronrnental studles to venfy that they would be 
appropnate for building new power plants The Impact of unserved demand IS noted In Secbon 
4 3 4 as $14 6 kW When thls IS taken Into account, the two year lead bme advantage of 
Mostovskoy translates into a savings of $0009kW/h for the combined cycle opbons and 
$0014/kWh for the s~rnple cycle opbons (The figures shown in Secuon 4 6 above have not been 
adjusted to account for thls, as they are not date spec~fic However, in determlnlng the cost 
advantages of projects on speclfic schedules, they should be included ) 

While the Mostovshoy site offers the advantage of early development, it has a disadvantage, in 
that ~t IS not located near the major load centers In the reglon The Krasnodar and Novorossiysk 
sites are located at major load centers, which reduces transmission costs, and they offer the 
opportunity for improved economic efficiency through their use as Comblned Heat and Power 
Plants Because of these advantages it IS poss~ble that some plant addihons after 2000 may be 
more attrachve at those two sites 

Considenng all of the above factors the following is considered to be the best approach to meehng 
needs for lmmed~ate capaclty additions whlle keeping the long term costs to a mlnlmum 

Mostovskoy - 600 MW Simple cycle addihon for 1998-99 operahon, wlth conversion to 
comblned cycle operabon In 1999 or 2000 based on construction scheduling and demand 
growth 

Krasnodar - replacement ofthe two ensting 95 MW slmple cycle In 1998 and 2000, wrth 
conversion to comblned cycle in 1999 

Novorossiysk - 300 to 600 MW s~mple cycle for operabon in 2001, wth parha1 conversion 
to comblned cycle ~f and when CHP operation IS shown to economical 

Thls will bnng the capacity In the Kubanenergo RPS up to 2366 MW, thls would amount to 
approximately 22% of the total capacity in the North Caucasus PS whlch compares favorably 
with Kubanenergo's average share of 27% of overall electricity consumpbon, glven that the 
reglon does not have substantla1 hydro resources 
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KRAsNODAR POWER GENERATION PROJECT. 

Below is the recommended sequence for capacity addifions for Krasnodar Krai based on the IPM 
Base Case modelling results, and the use of standardized plant capacity increments of 300 MW 
for simple cycle addlbons and 450 MW for combined cycle addifions 

Table 5-3 
Recommended Capacity Add~tlons for Krasnodar K r a ~  

1 1998 1 300 MW I Simple Cycle I Mostovshoy 1 

Year 

1997 

Technology Capacity 
Add~tion 

1 1 150 MW I Steam Cycle Add-on I Krasnodar I 

Locat~on 

150 MW 

1999 

Simple Cycle 

150 MW 

150 MW 

300 MW 

Krasnodar 

2000 

I TOTAL 1 1950 ( 1 1 

Simple Cycle 

Steam Cycle Add-on 

Simple Cycle 

I 2o01 1 300MW 1 Simple Cycle 

In order to complete the economic and financial analysis of the potenbal Mostovskoy project, 
estimates of the amount of electncity generated and its value were requlred The value of 
electncity generated at the Mostovskoy plant has two components Flrst, electncity generated at 
Mostovskoy wdl displace more costly electncity generated at less efficient plants Secondly, the 
Mostovskoy plant will meet some electncity requirements that would otherwise go unserved 

Krasnodar 

Mostovskoy 

Mostovshoy 

150 MW 

300 MW 

Novorossiysk or 
Mostovskoy 

The IPM results provided esbmates that could be used to eshmate the first component of the 
Mostovskoy plant's value Specifically, IPM esbmated the amount of electncity that will be 
generated by the Mostovskoy combined cycle plant and the marginal cost of electnc generabon 
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d~splaced by the pIant 

However, IPM d ~ d  not esbmate the change m unserved energy that would result from the 
construcbon of the Mostovskoy comblned cycle plant For thls purpose, we u W  the Power 
Rehabhty Assessment Model P-RAM has been deslgned to esbmate for each hour of a pIannlng 
year the loss of load probab~llty and the amount of unserved energy 

P-RAM eshmated the probabhty distnbuhon of generabon capacity for each hour of the planmg 
year m s  capacity probabfity hstnbuhon for a gven hour was combined with a range of hourly 
load esbmates that reflect load uncemnty to denve a loss of load probability Generabon 
capac~ty add~bons Improve the capacity probability distnbuhon thereby reducmg the probabll~ty 
of an outage Basd on h s  probabhsbc approach, P-RAM esbmated expected unserved energy 

For this analysis, P-RAM was run twice In the first run, unserved energy was esbmated 
assurmng that exlshng plants rehre according to the schedule dehled In Appendix A, and that no 
new plants, other than committed un~ts, were added to the gnd In the second run, unserved 
energy was estimated using the same retirement schedule, but in this case the Mostovskoy 
combined cycle plant was assumed to be completed The P-RAM results for these two runs were 
analyzed to eshmate the change In unserved energy attnbutable to the Mostovskoy plant 

Table 5-4 provides the results of the P-RAM analysis for the base case Column 1 shows the 
estimated electricity generated by the Mostovskoy plant over the penod 1998 through 2035 
Column 2 lists the marginal cost of electnc~ty in the North Caucasus region, which provides an 
estlmate of the cost of electnc~ty d~splaced by the Mostovskoy plant Column 3 presents the 
change m unserved energy attnbutable to the Mostovskoy plant as esbmated by P-RAM In the 
base case, the change m unserved energy was eshrnated to nse over bme such that by 2005 nearly 
the enbre output of the Mostovskoy plant will lead to reducbons In unserved energy 



TABLE 5-4 
ESTIMATED VALUE OF MOSTOVSKOY PLANT 

Base Case 

Mostovskoy's Tlmrng Advantage - It should be noted that wh~le  Mostovskoy is not the lowest 
cost plant for least cost simple cycle opttons, ~t is very close in terms of life costs to the least cost 
optron When this is considered In lrght of the fact that ~t can be brought online to rel~eve the 
current power shortage in the regon one to two years earl~er than the alternatives, Mostovskoy 
can be regarded as the least cost opbon 

1998 
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ENERGY 
GENERATED 

(MWh) 

304,600 

ENERGY 
VALUE 

(Mllls~kWh 
) 

14 0 

I N  
UNSERVED 

ENERGY 
(MW h) 

304,600 



~ S N O D A R  POWER GENERATION PROJECT 

Novorosslysk Plant Site - Although a potenbal slte for a power plant In Novorossiysk has been 
idenbfied, no s ~ t e  invesbgabons have been performed An assessment of the distnct heabng 
system In Novorosslysk, and the use of a new power plant as a source for a centralized d~stnct 
heatlng system needs to be evaluated Invesbgabon of sources of water supply, waste water 
disposal and potenual environmental impacts need to addressed In a detailed feasibility study 
In vlew ofthe above, it is considered that a new plant at Novorossrysk could not be constructed 
before the year 2000 

SrnalI Scale PIants Not Evaluated - Small scale plants (75 to 200 MW) at locat~ons such as 
Sochl, Temyruk and elsewhere were not cons~dered In this study Because of the presslng need 
for large scale addit~ons of generakng capaclty in the regon the study focused on plants of 300 
hlW and larger There are however sltes, pnmanly at the extreme ends of the gnd, that may be 
good cho~ces for small scale plants that would substankally improve local power rel~ablllty and 
reduce llne losses It may be worth to idenkfy and evaluate these opbons In a more 
comprehens~ve study of the regon's needs for power generakon 

CHP Requirements - Thls study has made certain assumptions regarding the demand for d~stnct 
heat These assumptions yeld favorable indlcabons of potenbal cost savings for the 
CHPfComblned cycle plants that could be Installed In Krasnodar and Novoross~ysk There IS 

conslderable speculation regard~ng the fiture need for malntalnlng dlstnct heat produckon 
capaclty at levels that are comparable to current day levels It 1s the oplnlon of some experts who 
have studled the d~stnct h e a ~ n g  practices In Russla that conslderable savlngs could be obtalned 
through conservabon and eficlency ~mprovement measures Before commitments are made for 
adding CHP capaclty In the region a detalled evaluakon of the potentla1 for reduclng distnct 
heatlng needs through demand s ~ d e  management programs should be undertaken 
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Krasnodar Power Generation Project Fig 5 - 1 

Ez Mostovskoy 

300 600 900 
Plant S ~ z e  MW 

Generation Costs vs Plant Size 
For Cornb~ned Cycle Plants at 80% Capacrty Factor 
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Krasnodar Power Generat~on Project 

ESTIMATION OF REQUIRED CAPACITY NEEDS FOR NORTH CAUCASUS - BASE CASE 

Year 

1994 
1995 
1996 
1997 
1998 
1999 
2000 
2001 
2002 
2003 
2004 
2005 

Capacity 
Retirements 

MW 

31 9 
0 
75 
38 
0 

126 
45 
4 

295 
405 
127 

Existing 
Capacity 

MW 
8562 
8243 
8243 
81 68 
8130 
81 30 
8004 
7959 
7955 
7660 
7255 
7128 

Peak 
Demand 

MW 
861 6* 
8220 
8180 
8475 
8697 
8967 
9212 
9471 
9753 
10018 
10293 
10588 

Required 
Capacity 

MW 

9371 
9325 
9662 
9915 
10222 
10502 
10797 
11118 
11421 
1 1734 
12070 

Hydro 
Additions 

MW 

0 
4 0 
40 
4 0 
4 0 
0 
85 
85 
85 
85 
0 

Trans 
Additions 

MW 

200 
0 

550 
0 
0 
0 
0 
0 
0 
0 
0 

Projected 
Capacity 

MW 

8443 
8483 
91 48 
991 5 
10222 
10502 
10797 
11118 
11421 
1 1 734 
12070 

Fossil 
Additions 

MW 

0 
0 

150 
765 
268 
405 
255 
240 
512 
634 
463 

Potential 
Shortage 

MW 

928 
842 
514 
0 
0 
0 
0 
0 
0 
0 
0 

* Includes 110 MW of unserved demand 
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The following pages show installed units and the assumed retirement schedule for fossil fueled 
generabng capacity in the North Caucasus 
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Foss~l Plants in North Caucasus 

Foss~l Plants in North Caucasus 
CAPACITY 

Rated Avail 
MW MW 

UPS TOTAL THERMAL CAPACITY 
UPS TOTAL HYDRO CAPACIN 
UPS TOTAL CAPACITY 

PLANT UNIT FUEL 10 
KUBANENERGO # Year 

Krasnodarskaja CHP 

Armavlrskaja CHP 

Total for the ~ l a n t  

aas turtxnd 10 i :as i 1970 i 75 I 75 1 

1 
2 

41 gas 1 1959 

CHP of Malkopsky CKK 

Total for the plan 12 

gas 
gas 

50 1 3 8 

4 

gas tuiolne' 11 i gas 
Total for the  land I 

CHP of Krasnodarskv X 1 1 1 19641 12 1 12 1 

1961 
1963 
1963 
1964 
1966 

42 
145 
150 
150 
160 

51 gas 
6 1 gas 

1975 i I 

0 1 0 
839 1 772 

Total for the dand 
- 

24 1 24 1 

1959 
1958 

32 
138 
143 
143 
152 

7 
8 

CHP of Kropotkinski X 

gas 
gas 

2 
6 

9 1 aas 

- 1  " 
Total for the o~and 

I 

10 1 3 1 

2 
5 

1 I gas 1 19591 6 
21 aas 1 1960) 4 

Sugar Plants' CHP 

8 1 7 

2 
1 

51 

51 
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gas 

Total for the RP 

1970 

1065 1 820 

1976 

158 0 

14 6 



Foss~l Plants In North Caucasus 

STAVROPOLENERGO 
Stavropolskaja TPP 

Total for the plai 

Nev~nnomysskaja TPP 

1 
2 

1 5 i g a s l  
1g78i 3001 

6 gas 1979 300 
7 / gas 1981 1 300 267 
8 1 qas 1983 300 

3 
4 

gas 
aas 
gas 
aas 

25 ( 19 
-2 I gas 1 1960 / 25 1 19 

10i Gas i 1967i 150i 127 I 

1975 
1975 

31 gas 1 1961 1 60 
41 gas 1 19681 50 
51 gas ) 1973) 100 

. - 
71 gas i 19641 150' 127 

i ~ i i  Gas i 1970i 160i 1361 

1976 
1976 

45 
34 
85 

8 )  gas 1 19651 150 
91 aas 1 19661 150 

. - 
Total for the p~and I I 1 13401 11171 

300 
300 
300 1 267 
300 1 267 

1 61 qas 119641 1501 127 

127 
127 

K~slovodskaja CHP 

267 
267 

Replacement 
Total for the 

Sugar CHP 

Total for the 

I 

11 aas 1 19681 6 1 0 1 

0 
0 
6 
6 

I I I 1 21 gas 1 19581 4 

plant 

plan 
- - 

12 1 0 

Stavropolskaja Geo TPP 

Total for the RPS 

September 1995 

31 gas 1 1981 1 0 

I 

SEVKAVKAZENERGO 
Total for the RPS 
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4 1 
1 

Appendlx A-I Q 

1993 1 6 
10 

0 

3259 

1 

0 

I I I 

0 

1993 0 

3762 



Fossll Plants In North Caucasus 

GROZENERGO 
CHP-4 Grozenergo 1 

2 

CHP-2 Grozenergo 
1964 

20 14 
30 21 

Total for the plant 

gas 1 1962 
aas 1 1962 

Grozenergo 

Total 

6 ( 0 
6 I 0 " 

Total for the plant 

for the 

CHP-1 Grozenergo 

12 

7 

0 

- 1 1 9 6 0  
I 

2 1 gas i 1967 1 50 o 

Total for the  land I I I 60 1 0 1 

plant 

I I I I 
Total for the RP 489 ( 217 

I I 

60 
317 

I 

3 ( gas 

41 
217 

I I 1 100 
I I I 

1974 
1974 
1976 
1951 

4 
6 
7 

Dagestanskaja CHP 
Replacement 
Replacement 
Replacement 

Total for the plan 

o 

gas 
gas 
gas 

DAGENERGO 

CHP 

Total for 

Total for 

12 1 0 

9 
5 
8 

8 

Machatchkalinskaja CHP 

the 

the 

91 aas 1 19831 6 I 0 

0 
0 
0 

gas 1 1980 

31 gas 1 19821 6 1 6 
I 

September 1995 

20 1 0 

Page 3 



Foss~l Plants In North Caucasus 

KABARDINO-BALKARENERGO 
CHP 

CHP 

Nartkala 

Total 

of the Nalch~k 

Total 

for 

for 

the 

the 

ROSTOVENERGO 
Novocherkassky TPP-1 

plant 

11 coal 1 19681 267 1 206 1 

2 

1 41 coal 119681 2771 214 
51 coal 1 19691 2901 224 

2 '  coal i 1966i 267' 206 

- - - - 

I 6 i  coal i 197oi 290i 224 1 

. - .  . - 

1977 1 4 
16 

3 

Total for the plan 

1 
4 

Nesvetay TPP 

coal 1 1967 1 277 

Kamenskaja CHP 

21 4 

I I I I I 
11 coal 1 19441 10 1 6 

1 71 coal 1 19711 12 1 6 
8 i coal i 1984 i 

1 

12 1 7 1 
Total for the ~lant l  I i I 34 1 19 1 

Volgodonsky CHP - I 

Total for the ~lantf I 1 1601 137 1 

Rosselmash CHP 

Volgodonsky CHP - 2 

Total for the plant 

I 
Total for the RP 2985 1 2251 

September 1995 Page 4 

I 

38 
6 9 
6 9 
88 

264 

, 
1 I gas 
21 gas 
3 1 gas 

1977 1 60 
1979) 110 
1980 

4 1 gas 1 1989 
110 
140 
420 



Foss~l Plants In North Caucasus 

KARACHAI-CHERKESSKENERGO 
Erken-Shahar CHP 

Total for the plan 

Total for the RPS~ 141 

KALMYKENERGO 
CPP In El~sta 

Total for the R P ~  I 0 1 0 1 
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North Caucasus Ret~rement Schedule 

NORTH CAUCASUS UNIT RETIREMENT SCHEDULE 
FOR THERMAL UNITS 

PLANT NAME Unlt Fuel Un~t Year ~n Year of 
Slze Type # Serv~ce Ret~rement 

Krasnodar CHPP (gas turblne) 
GrozEnergo CHPP-2 
GrozEnergo CHPP-2 
GrozEnergo CHPP-2 
GrozEnergo CHPP-2 
GrozEnergo CHPP-2 
GrozEnergo CHPP-1 
GrozEnergo CHPP-1 
GrozEnergo CHPP-1 
Casp~an CHPP 
Krslovodsk CHPP 
Kropotk~n 
GrozEnergo CHPP-3 
GrozEnergo CHPP-2 
Nesvetar SDPS 
GrozEnergo CHPP-2 
Arrnawr CHPP 
GrozEnergo CHPP-1 
GrozEnergo CHPP-4 
Kropotkrn 
GrozEnergo CHPP-1 
GrozEnergo CHPP-1 
GrozEnergo CHPP-4 
Arrnavlr CHPP 
Rostselmash Enterpnse CHPP 
Karnenskaya CHPP 
GrozEnergo CHPP-3 

Subtotal 

Krasnodar CHPP (gas turbrne) 95 gas 11 1975 1997 

Krasnodar CHPP 50 gas 4 1959 1998 

Krasnodar CHPP 20 gas 2 1955 2000 
Krasnodar CHPP 25 gas 1 1954 2000 
Krasnodar CHPP 22 gas 3 1957 2000 
Newnnomysskaya SDPS 25 gas 1 1960 2000 

September 1995 Page 1 Appendrx A-2 



Volgodon CHPP 6 gas 1 1960 2000 
Newnnornysskaya SDPS 25 gas 2 1960 2000 
Krasnodar CHPP 42 gas 5 1961 2000 

Subtotal 165 

Nevlnnomysskaya SDPS 60 gas 3 1961 2001 

Nalch~k GMZ CHPP 6 gas 51 1962 2002 

Krasnodar CHPP 150 gas 6 1963 2003 
Krasnodar CHPP 150 gas 7 1963 2003 
Erken-Shakar CHPP 7 gas 2 1963 2003 
Erken-Shakar CHPP 7 gas 1 1963 2003 

Subtotal 314 

Nevlnnornysskaya SDPS 150 gas 6 1964 2004 
MalnopYSKK CHPP 6 gas 2 1964 2004 
Krasnodar CHPP 150 gas 8 1964 2004 
MalnopYSKK CHPP 6 gas 1 1964 2004 
Nevlnnomysskaya SDPS 150 gas 7 1964 2004 

Subtotal 462 

Nev~nnornysskaya SOPS 1 5 0  gas 8 1 9 6 5  2005 

Total through 2005 2037 

UNIT RETIREMENT SCHEDULE - AFTER 2005 

PLANT NAME Unlt Fuel Unlt Year ~n Year of 
S~ze Type # Serv~ce Retirement 

Krasnodar CHPP 
Nevlnnomysskaya SDPS 
Novocherkasskaya SDPS 
Novocherkasskaya SDPS 
Nevlnnornysskaya SDPS 
Novocherkasskaya SDPS 
Nevlnnomysskaya SDPS 
Novocherkasskaya SDPS 
lsolllnen s z CHPP 
lsolllnen s z CHPP 
Novocherkasskaya SDPS 
Sugar Refinenes CHPP 
Nevlnnomysskaya SDPS 

160 gas 
150 gas 
267 coal 
277 coal 

150 gas 
267 coal 

50 gas 
277 coal 

6 gas 
6 gas 

290 coal 

158 gas 
160 gas 



Novocherkasskaya SDPS 
Kamenskaya CHPP 
Novocherkasskaya SDPS 

Newnnomysskaya SDPS 

Novocherkasskaya SDPS 
Newnnomysskaya SDPS 
Casp~an CHPP 
Rostov CHPP-2 
Rostov CHPP-2 
Stavropol SDPS 
Stavropol SDPS 
BLOCKSTATION 
Krasnodar Enterpnse CHPP 
Stavropol SDPS 
Stavropol SDPS 
Nartkala CHPP 
Volgodon Plant CHPP 
Nartkala CHPP 
Stavropol SDPS 
Stavropol SDPS 
Volgodon Plant CHPP 
Volgodon Plant CHPP 
K~slovodsk CHPP 
Stavropol SDPS 
Makhachkala CHPP 
Stavropol SDPS 
Kamerlskaya CHPP 
Volgodon Plant CHPP 
Krasnodar Enterpnse CHPP 
Dagestan CHPP 
K~slovodsk CHPP 
Dagestan CHPP 
Dagestan CHPP 

Total from 2006 

290 coal 
12 coal 

290 coal 

170 gas 
287 coal 

100 gas 
6 gas 

80 gas 
80 gas 

300 gas 
300 gas 

14 gas 
12 gas 

300 gas 
300 gas 

12 gas 
60 gas 

4 gas 
300 gas 
300 gas 
110 gas 
110 gas 

6 gas 
300 gas 

6 gas 
3 0 0  gas 

12 coal 

140 gas 
12 gas 
6 gas 
6 gas 
6 gas 
6 gas 

6455 



TRANS~IISSION DIAGRAMS AND MAPS 

The following pages include two maps showlng the 220 kV and 500 kV transmission 
reinforcements cons~dered In this study, and five dlagrams ~llustratmg lnterregtonal transmission 
options 
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220 kV TRANSMISSION RE1NFORCE;MENT 

Azovskoye Sea /' 

Black Sea 



IYI3TZNG 300  kV 'GTWOFLK OF VORTH CAUCASUS d I T B  
iEINFORCEMENT DUE TO PROJECTS 

r( Center  

exirt~ng 500 kV acacrons 

500 kV 1-n due t o  
,, , projects 



&lAXIMUM TRANSFER CAPABILITIES 
EXISTING SITUATION 

, Nonharn 2300 I I 
I M Vdga 

I 
(23001 

1 Ptotal to NC<1750 MW 
F~rst Contingency Llrmt 1200 MW i 

8 
Uote Actual flows at peak load are shown In brackets 



I >IAXIIMU&I TRANSFER CAPABILITIES 
I 

I 
; Mddle Volga-Center-N. Caucasus Re~nforcement (first stage) i 

I Nonhsrn 2300 

i Ptotal to NC < 2300 MW 
1 Flrst Contingency L~rmt= 1500 M W 

1 
M Vdgo I 

I 
I 1- - - - - - - - - - 
I 

Soulhetn 1500 Jolograd 
1 

I Cenlec lacmnntr pan 01 Canlec) 
I 

'dl (1000) I 

Note Actual flows at peak load are shown rn brackets 

I I 12501 I 

_ _ _ _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ I  

900 



! MAXIMUM TRANSFER CAPABILITIES 1 
I 
I CIiddle Volga-Center-North Caucasus Reinforcement (second stage) 
I 

I 

' Noflharn I I 2300 
I 

Center 1'50) 
i I 

I I I 
I 

(45001 ( 6000 
I 
I 

1- - - - - - - - 4 

l SO0 
1 

I Csnlsc Iaamln~dr part 01 CoMnib(1 
I 

1500) I 

' Ptotal to NC < 2800 MW 
1 

I 

F~rst  Conhngency Limt  1750 31W 
I 
I i 
Note Actual Flows at Peak Load are shown in brackets 

I I 



bIAXIMUM TRANSFER CAPABILITIES 1 
Jolgograd-N Caucasus Re~nforcement Complementary to the first stage of I 

vl~ddle Volga-Center-N Caucasus Re~nforcement I 

Nonharn 

; i q '  
2300 

M Vdga 

I 
I I I I 

I f  tles wlth Ukrane are ava~lable. Ptotal to NC<2500klW 
Flrst Conhngency L~rn~t  - 2000MW 

~f t~es  w~th  Ukra~ne are unavailable Ptotal to NCc16001MW 



I > I A X I & l ~ I  TRANSFER CAPABILITIES 
1 
I 

I 
; Souther Center-V Caucasus Reinforcement complementary to the first stage i 

i Tles wlth Ukralne are available Ptotal to NC<2700MW 
I Flrst Contingency L1rmt=2000MW 
' ~ l e s  wlth Ukralne are unavalable Ptotal to NC<1500MW 
I 
I 

I 
I i 

of lM~ddle Volga-Center-N Caucasus Reinforcement I 

I 

r - - - - - -  
1 

2300 

Csnlar 
I I 

M Vdgn 

I 1 6000 
I 

I I 
1000 

I - - - - -  
I I 

1 . 9 3  Vologrod 

[admnntr pan 01 Cenlbo 
I 

I 

Ukra~ne 

1400 
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NORTH CAUCASUS 

The report prepared by the Center for Energy Efficiency (CENEf) Moscow, and dated July 21, 
1995, is attached under separate cover 
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In the Scope of Work for this Contract CEhEf was requued to develop one scenano for 
electricity and heat demand for the Nonh Caucasus UPS and Krasnodar Kra The base year 
will be 1993 Yearly demand projections will be developed for each econormc sector (total 
and by consumption sector industry Lransponatlon, agricultural and resident~a~commercial) 
and for each year between 1995 and 2010 CENEf s demand scenarios u i l l  incorporate the 
potential for ~nter-energy subst~tutions particularly for space heating and hot water e _e when 
centralized heat rmght be d~splaced by duect fuel use or electnclty 

Model s~mular~on  of future g r o u ~ h  of electncitv and heat demand in Nonh Caucasus and 
Krasnodar Krru shows that electncitv demand \ill1 go up to 39 9-59 0 bln hWh in Nonh 
Caucasus and ro 13 0-15 2 billlon hWh in Krasnodar &a in the \ear 2000 and 
correspondingly to 58 7 - 7 3  4 billion hWh and 15 5 - 18 8 bill~on bWh m 2010 This range 
of uncenainty allows room for additional generation of local electnc pouer to subsritute 
Imported electnc~tv replace obsolete facilities and satlsfv groiiing demand 

Heat demand v.111 grow up Lo 7 2 9  S7 0 mllion Gcal in Plonh Caucasus and 17 3-20 6 rmlllon 
GGal in fiasnodar k a i  in the iear  3000 and correspondin:lv 85 5 110 0 mllion Gcal and 
20 9 25 6 GcaI in the v e x  3010 

Sucn relati\el) large range of the projections uncenainn results from the uncertalntv ulth the 
future economlc deielopmenr as uell as from data shonafe for the modcl callbration It 
seems thar t h ~ s  range coiers all tralectones of future clectncity and heat demand ciolurlon 
foreseeable in horrh Caucasus and L a s n o d x  hrai for the comng 15 \ears 



ELECTRICITY AND HEAT DEhlAND PROJECTIONS 

for 

NORTHCAUCASUS 

and 

KRASNODAR KRAJ 

1 Historical Economic and Energy Data  

1 1 Macroeconomic Data  

Russia nas begun a transition to  democracy and a marbet system Firs t  signs of 
market economics are  begmning to  take shape Economic measures, such as price 
reform and privatization, resulted in a semiblance of market-type activity The 
parniul transit ion process to  a market economy is actually a combination of several 
simulteneous transitions 

the  monopolistic,  to^ doun government is under trensformation into a 
oottom u p  s ~ s t e m  of regional au thon ty  and decision-mding, 
the  centrally planned system must  be recast for the  economv to  develop 
market  based interactions, e m ~ h a s l s  on military production and heavy 
indust ry  is shifted touards consumer goods and l ight i n d u s t n ,  
isolationism 1s giLing u a y  to international trade and participation in 
foreign markets 

I t  is a challenge t o  predict the future  of any c o u n t n ,  e s~ec ia l ly  a country in 
t r e ~ s i t i o n ,  bu t  in Russia it 1s even a greater challenge to collect reliable and 
consistent data  necessary fo r  a proper discnption of the pest 

The process of statistical data  collection is also In transition Russia only recently 
smtched t o  t h e  National Accounts system -4s a result,  data  for  GDP s t ruc tu re  
became avmlable only since 1990 But for regions GDP data are  still  unavailable 
Energy da ta  f o r  t h e  Federation as well as fo r  regions are still collected a c c o r d ~ n g  to  
the standards of the  past However, the statistical discipline is much below the 
former s tandards  

When the  depth  of economic crisis is evaluated, reliability of stat ist ical  d a t a  mus t  
be taken in to  account So  as  to escape heavy taxes significant volumes of 
production a r e  no t  statistically reported by enterprises This t u r n s  t h e  clear picture 
of statistical descnption of the  recent years to  misty general images of real objects 

1 1 1 North Caucasus 

North Caucasus as a reglon includes nine so-called subjects of the  Russian 
Federation Therefore, data  collection fo r  North Caucasus (NC) is a more 
complicated process than t h a t  for a separate region like Krasnodar Krai  There are 
several reasons fo r  tha t  



data for  North Caucasus (NC) are to  be aggregated from t h e  stat lst lcal  data  for 
nine d ~ f f e r e n t  regons, . lack of data on spec~flc ~ n d l c a t o r  for one reglon does not allow t o  est imate this 
Index fo r  the  whole of NC, 
lnconslstency of statistical data  taken from different sources f o r  any speciflc 
reglon 1s aggravated when nlne regions are considered, 
there is no NC reDon administration whlch requires timely stat lst lcal  data 
collection and presentation 

-4s a result, we have much less detmled h~stor lcal  economlc and energy statistical 
data  on NC than on Krasnodar K r a  It was almost ~mpossible t o  ge t  addi t~onal  
s t a t i s t~ca l  i n f o r m a t ~ o n  d u n n g  the  project i m ~ l e m e n t a t ~ o n  just  d u e  t o  t h e  shortage of 
t ime agmnst the  background of t lme lntensitv of the data collection and verification 
tesk 

One data collection t r i p  to  t h e  reglon u s  made But  lt provlded additional 
lnforrnation m a n l y  fo r  Krasnodar K r a  For North Caucasus da ta  provided by HBI, 
Russien Federation statistical offlces and those provided by l n d ~ v i d u a l  experts ue re  
used 

Bzslc macroecomonic indicators fo r  North Caucasus uhich u e  managed t o  collect zTe 
snoxn  in the  Table 1 

Table  1 h o r t h  Caucasus General  Econom~c I n h c a t o r s  

I Unlts  1 1990 1 1991 I 1992 ( 1993 1 1994 
I Population I lod 1 16890 1 17030 1 17246 1 17292 1 17518 
I u r ~ m  1 lo3 1 9597 1 9823 I 9900 1 9828 1 9830 
I rural 1 lo3  1 7154 1 7207 1 7346 1 7564 1 7688 ' 

* The upper number uas taken from [8] with no specification of t h e  base year, 
the number below was taken from the VNIIKTEP expert 

7+ Data for consumer price Index rs average fo r  the  Russlan Federation 

Industrial 1990=1 I 9 7 7 8 1 Proauction Indexx 1 00 1 9 7 4  1 7 7 8  1 5 8 1  
Flxed Capital (19","0=1 ( 100 1 88 5 I 
Investments 

Several observations could be made based on the  analysis of numbers presented 
11 8 percent of Russians are  l l v ~ n g  In the region, 
NC population is growlng very rapidly - by 0 9 percent per year agalnst  the 
background of stable Russian population, 
44 percent of local popu la t~on  lived In rural  areas In 1994, In early 90-s rural 
populat~on grew by 1 8 percent per year, 

1745 7 

Agricul t u r d  1 19900=1 ( 100 1 72 

I l g g o = l  
! Averaqe Salary 1 1990=1 

1 1 2  16 ( 37 24 1 379 46 

1 ( 1 79 1 16 28 1 153 0 



hTC economy is coming through a very deep ecomonic crlsis - industrial 
production in 1990-1993 declined by 34 percent, and gross fixed capital 
investments - by 47 percent, 
grain productlon was relatively stable, some decllne in agricultural production 
Has due to  the reduction of meat, as well as f rui t  and vegetables productlon, 
real incomes of NC population declined substantially, thus limitlng the market 
for many goods and services 

1 1 2 Krasnodar Krai 

More than a quarter of NC population are livlng in Krasnodar Krru There are 
different estimates of Krasnodar Kral population For 1993 three numbers are 
prpvided by different sources 4,940 thousand people for all population livlng In the 
region, 4,819 thousand people for  permanent population by the end of the vear 
(those two estimates are taken from regional statistics), and 4,879 annual average 
population (data from the federal statistical source [8]) While population in the 
Russian Federation %as stable in 1990 1994 there was a dynamic grouth in 
Krasnodar Krai - by 1 ,3  percent per year In addition to that,  the share of rural 
population is very substantial about 46 percent and even growing, it grew by 0 4 
percent in 1990 1994 uhich u a s  a very unusual trend 

Presently, Krasnodar Krai, as well as North Caucasus and the rest of Russia, is a 
Crisisland (see Table 2) 

industrial production declined by 42 percent, 
c a ~ i t a l  investments in 1994 were lust one third of the 1990 level, 
agricultural production in 1994 uas  34 percent below the 1990 level, 
consumer price index grew 1,746 fold, irhereas average salaries just 616 fold 

Table 2 Krasnodar K r a ~  General Economic Incficators 

* The upper number was taken from [8] with no specification of the base year, 
the number below was taken from the Krai statistical office and presents 
constant 1994 prices *+ Data for consumer price index is average for the Russian Federation 

I Units 1 1990 1 1991 1 1992 1 1993 ( 1994 
I Population 1 lo3 ( 4680 14738 14797 / 4879 14940 

2672 
2268 

58  
66 4 
35  

66 

3467 3 

1745 7 

616 1 

urban 1 lo3 1 2549 ( 2 5 8 7  12612 12649 
rural 1 l o3  1 2131 

Industrial 
Production Index* 
Fixed Capital 
Investments 
Agricultural 
production 
Index of industrial 

2151 12185 12230 
1990=100 

1990=100 

1990=100 

1990=1 

7 3 
81 1 

99 
99 5 

100 
100 
100 

100 

1 

8 2 
90 8 

wholesale prices I 

89 

89  

3 72 

Consumer Price 1990=1 

73 1 81 
7 6 

107 1 
I 

79 

1074 8 

379 46 

174 8 
Index** 
Average Salary 

I 
2 16 

1 9  1990=1 

37 24 

18 8 

1 

1 



1 2 Industrial sec to r  

1 2 1 Russlan Indusry  m t h e  l k a n s ~ t ~ o n  
Russian industrial sector 1s undergoing a very deep crlsis in  1994 t h e  lndex of 
industrial production was l u s t  half of the 1990 level and two thlrds of the  1980 
level Many simultaneous transitions are under way wlthln t h e  sector 

in 1994 the  share  of government-oxned Industrial enterpnses decllned f rom 52 t o  
30 percent, whereas the  share of enterpnses wlth mlxed property grew from 39 
to 6 1  percent, and t h e  share of pnvate  enterprises grew f rom 7 to  9 percent, . purchasing power became a number one factor d n v l n g  t h e  s t ructura l  changes of 
Russian ~ n d u s t r i a l  sector, . contribution t o  overall rndustnal  o u t ~ u t  of competitive (on international 
markets) lndustrles grew a g a n s t  the background of dimrnishing role of 
machinery and l lght  ~ndustr).,  
lack of energy and resources consenration technologies 1s partlv responsible for 
making industrial s t ructure  neavier, 
more than 70 percent of enterpnses have explred debts 

1 2 2 h o r t h  Caucasus  

,Qtnougn information on physlcal indices of lndustnal  output  esolution in the 
region by branches of lndustrv is very limlted, some axadable da ta  are  resented in 
Taole 3 This Table Illustrates how aeep the industrial crisis is ,  e s~ec ia l ly  in such 
i n a ~ s t r i e s  es chemlcal, light, fuels production and ferrous metals ~ r o d u c t i o n  Tuo  
lndustrles - machinery and food Drocessing contnbute  to  more than a half of 
overall industrial production u l t h  food alone proviaing more than  one thlrd of tne 
inaustrial output  Therefore, the NC industry is much less enern7 intensive 
c o v ~ a r e d  to many other  Russia s regions 

Electricity generation and fuels production are two other major industries,  followed 
DV chemlcal indust ry  and building materials Lach of data on ~ h x s i c a l  indices 
e x ~ r e s s e d  In monetary terms to illustrate the s t ructura l  shl f ts  u i t h l n  t h e  industry 
u e s  ~ a r t l y  overcome by illustrations of producton decllnes of representative 
products by industries (See Table 4) The data presented confirm the  depth  of the 
economlc crisis in the  industnasl  sector of NC 

Table 3 Nor th  Caucasus I n d u s t n a l  I n h c a t o r s  in 1990-1994 

I Share in 1993 1 1990 1 1993 
Industrial Production I 100 0 I 100 1 6 6 
Electricity Generation I 10 8 I 100 8 6 
Fuels Production 
Iron and Steel 
Non-Ferrous 
Chemical 
Machinery 
Pulp and Paper 

5 4 
58 
78 
4 1 
5 1 
63 

6 8 I 100 

6 5 
5 2 

3 0 
2 9 
7 5 

17 5 
3 3 

100 
100 
100 
100 
100 
100 
100 

Bulldlng Materials 
Llpht - - 

6 5 
5 4 

Food 
. Other 

34 5 100 6 4 
1 8  100 N/A 



Tab le  4 Bas lc  l n d u s t n a l  Production m the North Caucasus  

S o ~ r c e  Da ta  f o r  1990 and  1993 were tahen from 163, 1994 xalues  e re  J YIIKTEP 
estimations 

1 2 3 K r a s n o d a r  Kra~ 

Because of unequali ty of price g r o u t h  o\ inaustr les  t h e  a e o t h  of economic cris is  in 
k - a s n o a u  K r m  indus t ry  meesured in constant prices depends on t n e  bzse \ e a r  for  
lrle llldustrial o u t ~ u t  exa lua t ion  In constznt  Drices o r  on t h e  methodolog1 of ~ n v s i c a l  
lnaex  cdcu la t ion  By a n y  scale t n e  aecline is very suos tant ia l  

Tpe s t r u c t u r e  of t h e  indus t r i a l  o u t ~ u t  in Krasnodar K r a i  a i f ~ e r s  even more 
s u ~ s t e n t i a l l y  f rom many  o the r  Russian regions than t h a t  of t n e  V C  u i t h  food 
inaus tT7  dominance (see Table 5) Energv intensive indus t r ies ,  such  es fer rous  and 
non fer rous  meta l lurgy  a n d  c n e m ~ c d  industry,  all toge ther  cont r iouted  ju s t  2 1 
~ e y c e r i t  of t h e  total  lndus t ia l  o u t ~ u t  for  kresnodar  Kra i  Power  generat ion i n d u s t n  
-27-11.ed second in  t h e  l i s t  of most  i m ~ o r t a n t  indus t r ies  follo\sred b\r bui lding 
rne t e r~e l s ,  machinery,  and  fue l  extract ion Industry 

Decline by Industr ies  was ve ry  uneven tne least decline was in  t h e  Doner sec tor  (6 
~ e r c e n t ) ,  u h e r e a s  chemical l ndus t ry  output  fell down 5 fold 

Tab le  5 K r a s n o d a r  Krai I n d u s t n a l  I n h c a t o r s  i n  1990-1994 

Indus t r i a lP roduc t ion  
Elec tnc i ty  Generation 
Fuels Production 
Iron and Steel  
Non-Ferrous 
Chemical 
Machinery 
Pu lp  and Pape r  

- Buildlng Materials  
L e h t  
Food 

Share I 1990 / 1991 ( 1992 ( 1993 
i n  1994 

1 0 0 0  1 100 1 99 1 82 1 73 

1994 

58 

Other 73 7 0  1 100 1 93 8 2 

I 100 1 101 1 97 
7 8 I 100 1 113 1 90 
0 1 I 100 1 107 1 6 1 
0 0  1 100 1 107 1 6 1 
2 0 I 100 1 72 I 4 8 

58 

93 1 94 
9 3 I 89 
46 3 5 
30 1 20 

9 2  1 0 0  
4 0 1 100 
9 5 1 100 
3 4  1 0 0  

4 1  3 1 100 

33 
57 90 1 75 

104 ( 89 
9 7 I 7 8 
108 1 7 2 
86 I 7 1 

2 0 
22 

74 , 36 
64 
6 2 
64 

5 1 
3 3 
52 



1 3 Res~dentlal  Sector 

1 3 1 North Caucasus 

hlajor characterrstlcs of NC burlding stock are shoun rn Table 6 ,knalvsis of data 
presented shouts the following 

saturation of l ~ v m g  area per capita ln NC IS close to the average number for the 
Russlan Federatron, 
rn 1990-1994 there was a mrnor rmprovement In l l v ~ n g  condltrons of NC 
populatron, 
construct~on of new houses declrned by 41 percent rn 1990-1993, 
51 percent of populat~on are livrng in srngle, or tuo-three farnllies pr~vate  
nouses, 
41 percent of tenants live rn apartments, 
tne share of 5 storeyed and hrgher rrse houses is very limlted less than 1 
percent, 
a substantial part  of houses were pnxate even before the economic r e foms  
started, and presently 73 percent of awellings are pnxate,  
gixen more than 50 percent of people llving in ~ n v a t e  single famllv houses, Drice 
elesticity of energy demand in this sector should be a b o ~ e  average for  the 
Russian Federation, 
alstrict heating IS provided to 44 percent of duellings, 
not uater  is supplied to 30 percent of all dwellings, 
natural gas is s u p ~ l r e d  to 76 percent of awellings, 
on floor electric ranges are ax ailable only for 2 percent of a u  ellings 

Table 6 North Caucasus Major Charactenstics of Residentla1 Sector  

1 1 Units 1 1990 1 1993 1 1994 
1 Population 1 l o3  1 16890 1 17292 1 17518 
( hxrine erea/cap I mL I 16 1 1 16 2 I 16 4 
I h x  i~ e area 1 106m" 235 1 276 1 382 
I New construction 1 1o6rn2 I 6 102 1 3 65 1 N / A  

Share of 5 storeyed and I I I 0 6 
higher houses 

1 3 2 Krasnodar Krai 

Charactenstics of urban I 
I burldlng stock 

water supply 
I I 
I "/o I 

I - - na I 33 

A hrgh share of rural population predetermines the domrnance of private houses rn 
the resrdential sector - a very unusual s~tuat ion for Russla's regions Malor 
charactenstics of this sector are shown in Table 7 Analysis of data presented 
shows 

I I 

5 7 
canalization I YO 1 na I 45  1 4 8 
central heatlng YO na I 41 4 4 

30 
7 6 
2 

hot water I yo 1 na I 3 0 
gas YO na 76 
e~ectrrc range yo I na I 2 



statistical saturation of l i ~ i n g  area per capita in Krasnodar Krai 1s not 
far  from the average for NC and the Russian Federation, bu t  there are 
some differences In various sources on thls index, 
in 1990 1994 living conditions of Krasnodar Krai population did not 
Improve, 
construction of new houses declined, but  not es much as  other ecomonic 
activities, 
percent of Kresnodar Kra population live in pnvate houses, 
less than forty percent of tenants live in apartments, 
the share of 5-storeyed and higher houses is very limited - less than 1 
percent, - 
presently about three forths of dwell~ngs are pnvate, 
district hea t~ng is provided to 68 percent of urban dwellings and to about 
40 percent of all dwelllngs, 
hot water 1s supplied to 48 percent of urban dwelllngs and to 29 percent 
of all dwellmgs, 
on floor electnc ranges are available onlv for 4 ~ e r c e n t  of urban duellrngs 
and there is substantial room for electricity to s u b s t ~ t u t e  natural gas 
Many farnllies have on-table electric ranges We have no data on 
saturation of these devices, but  u e  can estimate tha t  136 percent of 
~ami l ies  use electric devices eltner on-floor or on table Tne crucial fnctor 
in competrtion Detueen ges end electricity u ~ l l  be relative ene ra7  prices 

Table 7 Krasnodar IGal Major Character~strcs of Residential Sector  



1 4 Energy Balance 

1 4 1 North Caucasus 

The tesk requrres t o  determine electricity and heat demand f o r  major  energy 
consuming sectors, with rncorporation for  rnter-energ)? substitution considerations 
TO implement th ls  task  energy balance for the  regions were reconstructed from all 
sources of information avarlable for  CENEf This balance 1s presented rn Table 8 

North Caucasus energy statistics in  1994 IS nerther complete nor  relrable Data 
avalabll l ty for  North Caucasus which rs agreggated data  by reBons  always lagged 
comparing u l t h  separate regions Lack of data fo r  Chechnya slnce 1993 1s an 
addlt lond problem This 1s uthy 1993  values were used as a base year  in our 
calculations for  NC 

S u o s t m t i d  additional data  collectron IS requred to ImDrove the  quali ty of tne 
results 

Data presented rn Table 8 allows to speclfy several important observations 

\ C  1s net i m ~ o r t e r  of energy I t  1s self sufficient only as f a r  es coal i s  c o q c e ~ e d  
2nd even exports th ls  energy resource, bu t  substantiallv depends on natural  ges 
e x ~ o r t  (in 1994 local gas production covered only 15 ~ e r c e n t  of locz] 
consumption), gasollne (49%), diesel fuel (59%),  mazut (YO%), electricitv (93% ) . grou th  of prrmarv energy consumption (PEC) rn 1965 1990 uas Lery moaerate 
lus t  5%, . in 1990-1993 PEC decline (19%) ues below t h a t  In overall economic a c t i ~ i t v  
( e ~ o u t  34% ), . oy energy consumption sector this decline was distriouted in the  follouing \say 
(in orackets there is the share of the sector ln final energy consumption in 1990) 

= industry and construction 33% (25%) 
= agriculture -1 5% (11%)  
= t ransport  -28% (16%) 
= resldentlal and commercial -5 4% (38%) 
* other 38% (9%), 

growth ln agricultural sector and very small decllne In resldentlal and commerciaJ 
sectors as well as in the  energy sector itself prevented PEC f rom deeper 
reduction 

. NC has a very unusual for  Russia s t ructure  of final energy consumptlon by 
sectors - residentla1 and cornmertlal sector dominates over lndustrlal  one, 

The structure of f i n d  energy consumptlon by fuels In 1 9 9 0  was as follows (in 
brackets there are da ta  fo r  1993) 

* coal 7 1 %  ( 6 9 % )  
* gas 30  2% (28 8 % )  
* petroleum products 28 4 0% (28 2 % )  
* electrrcity 1 0  8% (11 8%) 

dls tnc t  heating 23 6% (24 3 % )  
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Heat  

307 5 
345 5 
307 5 
293 3 
191 6 

- 1 5 ~ 5  7 
17047 
1550 1 
13971 
1458 6 

-- 
190 2 
173 5 
171 3 
164 5 
143 0 
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1959 
264 6 
259 5 
256 0 
236 0 
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31030 
291GO 

1993 
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Year 

1985 
1990 
1991 
1992 
1993 
1994 
1905 
1990 
1991 
1992 
1993 
1994 
1985 
1990 
1991 
1992 
1993 
1994 
1985 
1990 
1991 
1992 '"E:i 34404 

6 1 3219 9 - ---- - - - 

Coal 

6 0 

-- 
827 
46 1 
37 3 
27 0 
25 1 
21 0 
5 4 
1 4  
0 7 

40 7 
17 G 
14 3 





Energy production ln NC ln recent years is declining by all energy carriers (see Table 
9) Electrlclty production decllned In 1990 1994 by 1 6  percent, heat  generatlon - by 
18% (in 1990 1993), mazut  production bv 48%, diesel fuel  by 67%,  gasoline - bv 
509'0, coal - by 4 7 % ,  011 production by 56%, natural gas - by 19% 

Speclfic balances f o r  electricity and heat are presented In Tables 1 0  and 11 

Electricity consumptlon fell doun  by 20% In 1990 1994 By sectors In 1994 (In 
brackets numbers fo r  1990) it is dlstrlbuted In the  followrng way (m percent) 

rndustry 33  5 (37 5), 
construction 1 4 ( 2 2), 
agncu l tu re  1 3  5 (12 6), 
t ranspor t  7 1 ( 7 71, 
residential and commercial 27 5 (23 4 ) ,  - 
o u n  use 5 0 ( 4 8) ,  
losses 1 2  0 (11 8 )  

?lalor decline rn electricity c o n s u m ~ t l o n  u s  caused by construction (48%)  and 
naustrial  (28%) sectors followed DI t rmspor t  (36%),  egrlculture (150;0, and 

resldential and commercial ( 6 % )  

Iqaustrlal  sector dominates heat consum~t ion  I t s  share aecllned from 54 5% in 
1990 to  51% In 1993,  b u t  1s st111 very hlgh Oveall heet consumptlon in 1 9 8 5  1990 
greu ~y 7 6 percent, b u t  then declined bv 18 percent ln 1990 1993  Decllne in the 
inaustrial  sector u a s  the  major drlvlng force fo r  overall heat  consumptlon decline 
Agolnst th is  background the colume 01 heat consumption in the  second largest  heat 
corsumlng sector residentla1 end commercial grew ~y 7 percent 

Suostantial additional data collection should be done to Improle the  quallty of the 
aata  presented for Yorth Cauczsus 

Data presented In Table 1 2  allous to  specify several Important observations 

there was no substantla1 pnmary  energy consumption PEC growth in Krasnodar 
Krai  ln 1985-1990 (only 1 6%),  
in 1990-1994 PEC decline (17%)  u z s  much below t h a t  In overall economic 
activity, 
by energy consumption sector th is  decline was distributed in  t h e  following way 
(ln brackets there 1s the  share of the  sector In flnal energy consumption In 1990) 

* lndustry and construction 38% (29%) 
4 agncul ture  23% ( 7 % )  
* t ransport  27% (28%) 
* residential and commercial 2% (30%) 
* other  56% ( 6 % ) ,  

very small decllne In residential and commercial sectors and ln energy sector 
itself prevented PEC from deeper reduction 
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Tne s t ructure  of f inal  enerfi  consumption b) fuels In 1990 u e s  as folio-s (ln 
brackets tnere a re  data  f o r  1994) 

= coal 59% ( 4 2 % )  
gas 25 0% (31 6%) 

= petroleum products 37 0% (33 8%) 
electnclty 1 0  2% (10 4%) 

= d l s t n c t  heat lng 21 7% (20 0%) 

Kresnodar K r a  1s a ne t  rmporter of energy, and rellabrllty of energy supply to a 
large degree depends on r e h a b ~ l l t y  of external energy supply 

E n e ~ p  production In Krasnodar K r u  1n recent years u a s  r e la t~ve ly  steble (see Table 
13) Electncity production decllned In 1990-1994 by 11 percent A t  the  same time 
mazut production greu by 50% 

S ~ e c i f l c  balances f o r  electncitv and heat are presented In Tables 14, 15 and 16 

Electncltv c o n s u m ~ t i o n  data  ~ r e s e n t  a slgnlficant m o u n t  of problems with aa ta  
reliabilihr m d  consistency 

Tpe most s u ~ s t m t l a l  d i s c r e ~ m c e s  ere resulting from the  d~f fe rences  in the 
a e t e n n l n ~ t i o n  of electricltv c o n s u m ~ t i o n  In egriculture, resiaential and c o m m e r c ~ d  
secto-s -Agricultural electricity c o n s u m ~ t i o n  r e ~ o r t e d  in a number  of sources often 
c o n t a n s  energv consumption DV ru-a1 ~ o ~ u l a t i o n  for  non productir e actlxities This 
lo lume snould be s n o u n  In the residential sector Residentiel sector In some sources 
~ n c l u a e s  so called other  actlr i t ies h o t  enough data were avmlable t o  get  all tnose 
alscreoerlces flxed -4s a result,  In electnclty balance presented in  T a d e  15 
r e s i a e n ~ ~ d ,  commercial and otner sectors ues comblned 



Table 13 Energy product~ori I n  I(rasrioclars1cy Itroi - 
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GI 78  

19 6 
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22G 
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0347 6 
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1 73 
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~ ~ b l c  14 Electricity Consumption b~ hrasnodar Kral (data from xarlous sources) 
1993 

3667 4 
3667 4 

3763 i 

1354 
3671 4 

E n e r p  
u ilizntion and 

1nformnr1on 
Fources 

I n d u s t q  
1 XIIKTEP 
IXCOTEk 

TEB'SO 
Kubnnenergo 94 
( t a d  qunrterlt ) 
1 I Gorln (RAO 

EES ROSSII'I 

1994 

3437 1 

3935 6 

3471 5 
I 

I kubnnenerrro I I 1 I 

( -rigrlculture 1 I 
I YIIkTEP , 1349 8 I ' 1301 4 

2799 I 
I I TEE 90 1526 

1991 

4431 9 

1990 

5344 5 
5345 
5333 

I 

99-0 .7  1 
- - I 3  3 

1993 

4097 8 
4097 8 

3188 3 

I I 

Resldentlal and  ] I 
CommerclaI I 
I ' i I IhTEP  3208 6 

I (DODUln lOn , 
3494 4 

I 
I 

I \ I IhTEP Q - -  6 / 5-7 1 553 3 I 
IDODUIE  10r 1 1 

e \ c ~ u ~ e :  I 

lncluoed I 

1 
I\ C O T L  lSll I - - 

I TEE 90 nxlc 1311 1 , a 3  7 
q-n ls.lc 11 C r i  , 
lor  1991 1%- 1 I 
h u ~ n n e n e r g o  I I I I Go-ln (240 
EES ROSS111 I I 

63s 6 
1117 1 

3603 
1604 8 
868 2 

1351 5 

151 1 
151 2 

1837 4 
1837 4 

Residentla1 ( I l l I h T E P  
I\ COTEk 

TEB 90 and 

-9s 4 
169 a ' 407 3 

I 

I 

I 
3319 3 

2901 
2901 9 
4411 6 

1406 8 

145 4 
145 4 

1846 1 
1846 1 

2231 
3651 
36311 

s n 1s IC  11 CY 
Ior 1991 1994 
Kubnnenereo 

1556 6 

3496 7 

3401 4 

3754 8 

195 4 

195 4 

1375 3 

1375 3 

191 7 

3503 3 

Other a c t ~ w t i e s  
IT? IIkTEP 
I\ COTEK 

TEB 90 
Kubnnenerpo 
Construction 

I'KIIKTEP 
INCOTEK 

TEB 90 
Kubnnenerpo 

Transpor t  
VNIIKTEP 
INCOTEK 

TEB 90 
,Kubanenerpo 

1666 
1038 

350 9 
351 
205 

1936 5 
1937 
1693 

304 6 

1831 6 







There 1s no disagreement between the sources on the heat balance for Krasnodar 
Kral Heat consumptlon In 1985-1990 grew by 13 5 percent, bu t  then decllned bv 
31 percent In 1990-1994 The major decllne occurred In Industry - 41 percent I t  
was about as deep as rndustrlal output decline Agmnst thls background the volume 
of heat consumption ln t he  second largest heat consuming sector - resrdentlal and 
commercial - grew by 7 percent 

1 5 Energy Prices 

Skyrocketing of energy pnces 1s one of the most noticeable changes In the overall 
energy plcture of North Caucasus and Krasnodar Krm Pnce  evolutlon 1s presented 
in  Table 17 Data presented in thrs table lndlcated pnces for  the  end of the year 
T ~ m e  limit did not allow for  careful fuels pnce data collection and aggregation In 
the reglon 

Average annual data used in calculat~ons were taken from two major sources 

= Russian energy prlces, taxes and costs 1993 IEA/OECD Paris 1994 100 
\ P 

=. Russlan Energy Plcture January-March 1995 CENEf Moscow 56 p 
=. For electricity and heat Krasnodar K r a  data were taken Several sources 

were used 

Table 1 7  Wholesale energy prlces (rubles) 

 able 18 shows energy prlces ln 1995 US dollars 1995 July exchange rate 
(4549R/$) was used For vlsual effect energy prices dynamics ln 1990 2010 1s also 
presented In Flgure 1 and Flgure 2 

Tables 18a and 18b show nomlnal and real energy prices corrected for  the evolutlon 
of GDP prlce deflator It 1s clear that  real prlces were growlng wlth the exceptlon 
of resldentlal sector Decllne of prlces in thrs sector was one of the major factors 
neutrallzlng energy consumptlon hecllne Energy pnces grew abruptly 1; the first 
half of 1995 

1994 

64758 
83850 
251250 
312250 

10350 

976 
683 

15055 

1993 

19166 
29500 
82700 
97974 

3120 

500 
333 
5130 

Relatlve energy pnces evolve substantially For example, for  lndustrlal sector 
electricity pnce grew 11,611-fold In 1990-1995, whereas natural gas pnces grew by 
8,156 tlmes Steam coal price grew 5,667fold, and mazut prlces - 7,279fold 
Energy pnce competltlon wrthin the llmlts of physical Infrastructure became a real 
factor of energy balance evolutlon for all energy consumptron sectors 
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l ab le  18a Krasnodar Kra~ Energy PIICCS (110111111~~1 I I I ICCS)  - 

Table 18b Krasr~odar Kra~  Eriergy I'r~ces (111 1990 pn~ces) 
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1 6 Quality of North Caucasus and Krasnodar Kral  Statlstlcal Data  

Quallty of North Caucasus and Krasnodar Krm statlstical data uhich was used to 
calibrate the model 1s relatively poor Thls can be explained by three major factors 

tlme llmlt for data collection process determrned by the  tlme llrnlt glven to 
CENEf to ~mplement  the project, 
poor quallty and reallblllty of energy statlstlcal data In the reglon, especially for 
non-utllrty sector, 
' lack of culture to openly publlsh and discuss the energy statlstrcs, 
exrstence of several drfferent basic methodologies of data clollection and 
preparation used m dlfferent agencles wrthout notlng which one was actually 
used 

The quality of these data was poor before and the situation 1s worthening now 
Substantla1 addltronal efforts are requlred to Improve the quallty of the data This 
Issue has another appllcatlon related to  the presentation of the model results There 
IS no reason to sophrsticate the model to the degree when additional accuracy of the 
results is beyond the accuracy of the statlstical evaluation of those indices 

2 General Descnp t~on  of the  Energy Balance Model 

2 1 Complex of Models 

Energy and economlc data collection has always been a nightmare rn the Former 
USSR, and even more so nou There were and st111 are many dlfferent 
methodologies and models for energy system evolution projections developed In the 
Former USSR Many of these methods are not valld any more and should be 
replaced for a t  least two reasons 

the system of decislon maklng IS under slgnlficant evolution and models tuned to 
command admlnistratlve economy wlth no incorporation of market parameters 
fail to predict flnal energy consumers' and energy producers' behavior and 
reaction to market slgnals, 
all models uere  developed to slmulate growth of energy system and not enough 
knowledge 1s available for the description of energy system in perlods of rapid 
economlc decline or revival 

For those who are trying t o  incorporate market variables In thelr models face 
another slgnlflcant challenge lack of more or less reliable rnformation based on 
which parameters of energy producers' and consumers' reactlon to market slgnals 
could be calibrated 

For modellng energy future of Krasnodar Krai a set of models developed a t  CENEf 
was used Thls set  1s composed from Reglonal Energy Balance model (REB) and 
energy demand models for three subsectors 

Industry and construction (RECIN), 
agriculture (RECA), 
resldentral (RECR) 

I 

Shortage of information prevented us from cal~bratlon of two other sectoral models 
for transport and commercial sector 



Sectoral models are used to aggregate the impact on sectoral energy demand of such 
factors as level of economic activity and energy prices Disaggregated information 
is used to calibrate aggregate model parameters ranges of elasticity coefficients 
evolution 

2 2 General description of the Reaona l  Energy Balance Model 

This model describes energy demand by nine energy consuming sectors 

electricity generation, 
CHp, 
boilers, 
own use and losses of energy resources, 
industry and construction, 
agriculture 
transport, 
residential and commercial, 
other, including non-energy use 

Six primary energy sources are considered coal, other solid fuels, petroleum 
products, natural gas, hydro and nuclear power Six secondary energy carriers are 
considered for  each sector coal, other solid fuels, petroleum products, natural gas 
electricitv, heat 

hlajor exogenous variables of the model are 

population growth, 
rates of GDP growth, 
energy prices by fuels and by sectors, 
volume of hydro power production, 
efficiency of heat and electncity generation, 
elasticity coefficients and interfuel price competition functions 

Elasticity coefficients for this model are taken from generalization of multiple 
sectoral model runs Using a set of various assumptions the range of possible 
variations of such coefficients was estimated Thereafter such ranges were used in 
REB model runs 

REB model f i rs t  estimates total energy consumption by sectors using energy demand 
functions Price impacts influence the results through elasticity coeficients 
Distributed price effect is mirrored by having this and last year's price growth 
impacts on the given year energy consumption Then overall consumption is 
distributed by energy carrlers uslng a matrix of shares Share of every energy 
carrier depends on the fuel quality (through special coefficients) and relative fuel 
prlce As a result of this operation, the m a t r ~ x  of final energy consumption by 
sectors and by energy sources is calculated 

Own use and losses are estimated by multiplying final energy consumption for  each 
energy carrier by a specific coefficient As a result, demand for electricity and 
distrlct heat is estimated (sum of flnal use and own use and losses) Then heat 
generation is distributed by two parts produced by boilers and CHP Lack of 
information did not allow us to do this operation the way it could have been done 

4 



Therefore, energy consumed a t  CHP was estimated only for the fuel necessan7 to 
produce only heat a t  CHP with all fuels for electricity generation a t  CHP transferred 
to the electricity generation sector 

Given substantial electricity import to the reglon, the level of local electricity 
production 1s determined by electricity consumption and net import from the 
regions There is no heat Import 

After the level of electricity and heat generatlon 1s estimated, the structure of fuel 
balance for  the power and heat sectors is determined The f i rs t  important factor 1s 
efficiency of heat and electricity generatlon It substanlally affects the volume of 
fuel balance for power, CHP and boilers sectors Then, given the matrlx of fuels 
shares determined as a function of relatlve energy prices, every fuel consumption in 
power and heat generatlng sectors is estimated 

Primary energy consumpt~on by fuels is a sum of final energy consumption, own use 
a d  losses, and energy consumption in electricity generatlng sector, CHP, and 
boilers 

Level of local energy production determines the volume of interregional energy 
trade 

2 3 hlodel Calibration 

The model was calibrated based on North Caucasus and Krasnodar Krai data Lach 
of economic data on North Caucasus (for example, regional energy prices) brought 
us touards a division to use Krasnodar Krai data as a proxy in some Instances As 
was mentioned before, realibility of these data is questionable Improvement of data 
inputs will improve calibration of model parameters 

3 Projection Scenarios 

3 1 Genera1 Assumptions 

The future of North Caucasus and Krasnodar Krai economic development is very 
uncertain A number of crucial external factors will substantially effect this future 
Jus t  a few to mention 

* political stability in North Caucasus region, 
* economic pol~cy of the Russian government, 
* rates and proportions of economic growth, 
* continuation of the trend of Russian population migration to the south, 
* availability of fuels in the region and energy prices 

Refracted through the prism of problems and specific features of energy supply for 
the region, the region's energy policy goals are formulated as follows 

1 Reliable supply of energy carriers and energy services to consumers, 
2 Improving flexlbllity and adjustabllity of the energy supply system to energy 

flow breaks and rapldly changing market conditions, 
3 Creatlon of favorable conditions for energy trade with other regions, 
4 Improving the diversity of energy sources used by attracting local resources, 
5 Cooperation and coordination of activities of all energy market participants, 



6 Stimulating economic growth and improvmg the competltlveness of goods 
produced rn the region by providing least-cost energy services, 

7 Sustainable and environmental friendly development of energy supply systems 
through rational and effrclent energy use, 

8 Preserving the balance between energy demand growth and negative impacts 
caused by energy generation and utilization by coordinated and integrated 

* resource planning 

There are a number of approved government declsrons whrch can impact exogenous 
price variables 

* transition to  the full coverage of energy costs by tenants by 1998, 
* transitlon to so-called world energy pnces, 

transitlon of present regional energy commissions to professional ones with 
making rate  cases process transparent 

Major exogenous impulses to the REB are 

levels of economic activity by sectors, 
* energy prices 

Two scenarios for those inputes were developed economic depression and economic 
revival 

3 2 Economlc Depression Scenario 

Future levels of economic activity are very uncertain Among various projections 
for the future there is one of the most recent developed by the Central Bank The 
flqst scenario was bullt based on it We named this scenario "economic depression" 
I t  suggests that  Russian GDP in the year 2000 will still be four percent below the 
1994 level (See Table 19) Therefore, it is a very pessimrstic scenario Rates of 
economic activities by sectors were taken from the Central Bank projections As to 
energy pnces, given depressed local energy market, energy lobby will press on the 
government to bring prices up  to the 'korld level' as soon as possible to keep energy 
sector alive, and the depth of depression partly will be a result of high energy 
pnces 

Rates of economic growth are proposed equal to -5 percent in 1995, 1 percent per 
year in 1996 2000 and 4 percent per year thereafter Both in this scenarlo and in the 
pessimistic one, the same energy prices were used These prices were discussed with 
the World Bank experts In July 1995 They are the following (rn 1995 prices, in 
brackets growth rate) 

crude 011, $/t lOO(209 6 % )  lOO(209 6%) 

natural gas for  all sectors, $/th m3 52(126 2%) 57(138 3%) 

coal, $/t 44(295 3%) 53(355 7%) 
I 

electricrty for  industrial sector, c/kWh 4(87%) 4(87% ) 

electricity for  resrdential sector, c/kWh 5 5(357 1%) 5 5(357 1%) 

heat, $/Gcal 20(211%) 20(211%) 



Table 19 Russia's Economlc Development u p  to 2000 (annual growth ra tes  a 
forecast by Central Bank of the Russian Federation) 

Source Business World Weekly No 13/15 

Sensitivity analysis allows to identify variations of electricity or  heat demand as a 
result of variation of major exogenous parameters 

2000 
101 

101 
105 

101 

102 
101 
101 
102 
102 

103 
101 
103 
103 
101 
105 
101 

101 

lol 

I t  was proposed that  due to autonomous, or non price induced technical progress 
introduction of more efficient equipment and technologies by replacing obsolete ones 
- energy intensity in each final consuming sector every year will be 1 percent lower 

1999 
102 

102 
106 

102 

102 
101 
101 
102 
102 

103 
102 

, 103 

Sihce market economy is under development, price elastisity will grow from 02, to 
- 05 rn 1995-1999, and then to - 1 since the year 2000 

1998 
101 

101 
106 

101 

101 
97 

3 2 1 North Caucasus 

1997 
100 

100 
105 

100 

100 
90 

In the economic depression scenario electncity demand will grow by 11 6 percent in 
2010 above the 1993 level, but  it will stay below the 1990 level for  all 15 years (See 
Table 20) Electricity demand for the year 2000 is estimated equal to 51,884 mln 
k w h ,  and in the year 2010 it will equal 62,071 rnln kwh 
The structure of electricity demand by sectors wrll evolve in  the favor of industrial 
sector, but  i ts share wlll not even approach the 1990 level Contribution of 
residential and commercial sectors will be about one third against the background of 
one quarter in 1990 
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Demand projectlon for dls tnct  heat 1s shown In Table 21  I t  m l l  grow by 7 7 
percent In 1993-2010, but m 2010 ~t wlll st111 be 14 5 percent below the 1990 level 
After reduction dnven by economlc cnsls the lndustnal sector wlll r e g a n  the share 
rn the overall heat consumptlon I t  will nearly approach the 1990 level Local heat 
generation capacltles after proper modernrzatlon and replacement of obsolete 
facllrtles wrll be sufficient to  cover addrtlonal heat demand 

Sensltlvity analysis for thls scenarlo (see Table 22) allows to make the following 
conclusions 

fluctuations of economic growth rates by +1% wlll brlng varratlon of electrlclty 
demand by 3 5 %  m 2010, 
growth of pnce elastlclty coefflclent from -0 05 to  -0 1 m 1995-2010 1s a very 
substantlal parameter for  the projectlon - r t  bnngs electncrty demand down by 4 
percent, 
non-prlce promoted technlcal progress in lmprovlng energy efflclency 1s a very 
Important factor -ibsence of autonomous technlcal progress In energy efflclency 
will brlng electnclty demand up by 8 3 percent and heat demand up  by 8 5 
percent, 
if energy prlces are kept a t  the 1995 level, addltlonal demand wlll be about 0 3 
bln k w h  for  electnclty and about 3 4 mln Gcal for  heat In 2010 

Table 22 Sensitlvlty Analysis of Economlc Depression Scenano for  North 
Caucasus 

3 2 2 Krasnodar Kral  

In the economlc depression scenano electnclty demand wlll grow by 21 7 percent In 
20,lO above the 1994 level, but it will stay below the 1990 level for all 1 5  years to 
come Electrlclty demand for  the year 2000 1s estimated equal to  13,698 mln k w h ,  
and In the year 2010 it wlll equal 16,458 mln k w h  

I Base assumptions 

The structure of electrlclty demand by sectors wlll be more or less stable wlth a 
sllght growth of the Industry share a t  the expense of resldentlal and commercial 
sectors (see Table 23) 
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A substantial part  of electnclty wlll be lmported In the reGon rf the present volume 
of electricity generation is kept until 2010 About 7 bln k w h  rn 2000 and 10 bln 
k w h  In 2010 wlll be requlred to cover the gap between the demand and present level 
of electnclty generation 

Demand projection for  distnct heat 1s shown ln Table 24 It wlll grow by 8 6 
percent in 1995-2010, and In 2010 ~t will be 33 percent below the 1990 level 
Higher rates of demand growth In the lndustnal sector wlll contribute to the 
growrng share of thls sector rn the overall heat consumption Local heat generation 
capacities af ter  proper modernrzatron wlll be sufficient to cover heat demand 

Sensltrvity analysrs for  this scenario (see Table 25) allows to make the following 
conclusions 

I 
fluctuations of economlc growth rates by +1% bnngs along variation of 
electnclty demand by 2 5 %  in 2010, 
prlce elasticity coefficient is a very substantial parameter for the projectlon, 
non price promoted technical progress In rmproving energy efficiency is a very 
important factor Absence of autonomous technical progress In energy efficrency 
will bring electricity demand up by 7 2 percent and heat demand up by 8 3 
percent, 
keeplng electricity prices a t  the 1995 level wlll bring additional demand for 
electricity by 0 3 bln kwh in 2010 

Table 25 Sens i t~v l ty  Anallsys of Economlc Depression for Krasnodar Krai  

3 3 Economlc Revlval Scenano 

3 3 1 Genera1 Assumptions 

The second scenario is based on much more optimistic assumptions Economy will 
revive Rates of economic growth are proposed equal to 5 percent In 1995, 4 7 
percent In 1996, 5 percent per year in 1996 2010 Thls projectlon by spirit  1s closer 
to the economic program of the Russian government tltled "Reforms and 

2000 
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18240 
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17895 
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Base assumptions Electricity 

D heat 
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15858 16458 
21233 1 21983 ' 
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progress in efficiency by 
final comsumption sectors 
Stable energy prices of the 
1995 level 
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22469 
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20314 
16880 
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lQ00  
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Electricity 

D heat 
Electriclt 

Y 
D heat 

Electricity 

D heat 
Electricity 

D heat 

Electricity 
D heat 

17255 

23393 
15726 

209 19 
15542 

21007 
17641 
23799 

16778 
22981 



Ddvelopment of Russia's Economy In 1995-1997", where as  one optron GDP growth 
rates equal t o  3-7 percent a re  considered f o r  the  year 1997 

As mentioned above, prices In th is  scenario are the  same as l n  the  previous one 

crude oil, $/t 100 1 0 0  

na tu ra l  gas f o r  all sectors, $/th m 3  52 5 7 

44 5 3 coal, $/t 

electncrty f o r  industrial  sector, c/kWh 4 4 

electricity f o r  res lden t~a l  sector, c/kWh 5 5 5 5 

heat, $/Gcal 2 0 20  

3 3 2 N o r t h  Caucasus 

R ~ s u l t s  of electnclty and heat  prolections fo r  NC are  presented in  Tables 26 and 27 
Electricity consumption In 2010 wlll reach 68,512 mrllion k w h  o r  2 3  percent above 
the 1 9 9 3  level and 1 0  5 percent above the  1990 level The last  milestone will be 
reached a f t e r  2005 The s t ructure  of electnclty consumption by sectors wlll evolve, 
but  industrial  sector (34% in 2010) will still dominate over the  residential and 
commercial sector (29% In 2010), followed by agriculture (14 4%), and transport  
(6  9 % )  

D ~ s t r i c t  heat  consumption in 2010 will be 20 percent above the  1993 level 
Nevertheless, heat demand In 2010 will be 2% below the 1990 level Industrial heat 
demand is the  major driving force for this growth - industrial heat consumption will 
grow by 3 1  percent in 1993-2010 In 2010 it will reach the 1990 level 

Sensitivity analysls displays vulnerability of results to the  major assumptions made 
of th is  scenario Based on these two scenarios uncertainty of the  f u t u r e  energy 
demand fo r  the  region will be covered and potential for  the  f u t u r e  electricity and 
heat markets  by sectors will be estimated 

I t  is important  to  note tha t  sectoral model runs with high rates of economic growth 
brought us  t o  the  conclusion tha t  higher rates of economic growth are  accompanied 
by lower energy demand to economic activity coeffic~ent Therefore, each percent of 
GDP growth in  economic revival scenario is accompanied by lower electricity and 
heat demand growth compared to the economic depression scenario 
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Sensltlvlty analysls allows to make the following conclusions (see Table 28) 

fluctuatrons of economlc growth rates by ilOh wlll bnng  varlatlon of electricity 
demand by t6% in 2010, 
growth of pnce elastlclty coefficient from - 05 to -0 1 in 1995-2000 will reduce 
electrlclty consumptlon by 4 1%, 
non-pnce promoted technical progress m lmprovlng energy efficiency 1s a very 
important factor Absence of autonomous technical progress In energy efficiency 

, wlll brrng electnclty and heat demand up  by 9 percent, 
fur ther  3% annual pnce growth after 2000 will bnng electncity demand down by 
0 9 bln k w h ,  
keeplng electnclty pnces at the 2000 level against the background of other prlces 
real growth by 3% per year wlll b n n g  addltlonal demand for  electricity by 1 2 
bln k w h  rn 2010 

Table 28 Sensltivlty Analisys of Economrc Revlval Scenarlo for  Nor th  Caucasus 

3 3 3 Krasnodar Krai 

Results of electricrty and heat projections for Krasnodar Kral are presented in 
Tables 29 and 30 Electrlclty consumptron ln 2010 will reach 17,493 million kwh or 
29 percent of the 1994 level and will be a llttle above the 1990 level The structure 
of electncity consumptlon by sectors wlll evolve, but resldentlal sector (37 6% ln 
2010) wlll still domlnate over the industrial sector (25% In 2010), followed by 
agriculture (13 4%), and transport (11%) 

2005 
65661 
96699 
68845 

101787 
62687 

9 1946 
63004 

92996 
70763 
104450 

64950 

95550 
65983 

95617 

2000 
56607 
83381 
57899 

85495 
55354 

81333 
54364 

80272 
59021 
87038 

56607 

83381 
56607 

83381 

Base assumptrons 

Plus 1% of economlc 
annual growth rn 1995- 
2010 
Minus 1% of annual 
economlc growth in 1995 
201 0 
Coefficient of price 
elasticity is - 0 1 since 
1995 
No autonomous technical 
progress In efficiency by 
frnal consumption sectors 
Real energy pnce growth 
bv 3% per year rn 2001- 
2010 
Real e n e r , ~  price growth 
by 3% per year for all 
energy carrlers with the 
exception of electncity 

2010 
68512 
101066 
7231 1 

106933 
64987 

95619 
65684 

97126 
74421 
110047 

67573 

99538 
68761 

99666 

Electnclty 
D heat 

Electnclty 

D heat 
Electricity 

D heat 
Electr~cl ty 

D heat 
Electricity 

D heat 

Electricity 

D heat 
Electric~ty 

D heat 
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Rates of growth of dlstrlct heat consumptron are a blt slower - 2 1  percent In 1994 
2010 Heat demand even in 2010 wlll be lower than in 1990 Industnal heat 
demand 1s the major drrving force behlnd thls growth - ~ndustr la l  heat consumption 
grows by 1 9  percent In 1994-2010 The share of lndustnal dlstrlct heat 
consumption In overall consumption will grow from 48 percent In 1995 t o  52 percent 
in  2000 and to 53 3 percent in 2010 

Sensi t~vi ty analysls for  Krasnodar Krru allows to make the following conclus~ons (see 
Table 31) 

f luc tua t~ons  of economrc growth rates by fl% wlll brlng vanation of electricity 
demand by +5% in  2010, . price elasticity coefflclent is a very substantral parameter for the projection, . non-price promoted technical progress In lmprovlng energy efficiency is a very 
important factor Absence of autonomous technical progress In energy efficiency 
will brlng electricity demand up by 7 6 percent and heat demand up by 8 1 
percent, 
fur ther  price growth after 2000 wlll provlde a limited effect on electnclty and 
heat demand, 
keeplng electnclty prices a t  the 2000 level against the background of other prlces 

, real  growth by 3% per year wlll bring additional demand for electricity for 0 3 
bln k w h  in 2010 

Table 31 Sensltivlty Anallsys of Economlc Revlval Scenarro 

1 I I 2000 I 2005 I 2010 
- I Base assumpt~ons 1 EIectricity ( 14692 1 16783 1 17493 

1 2010 I D h e a t  1 20298 1 23881 ( 24885 
I M ~ n u s  1% of annual IElectr ic i ty1 14431 1 16152 1 16751 

1 I D h e a t  1 19856 1 22805 1 23665 

I economic growth in 1995 1 I 1 I I 

I Plus 1% of economlc I Electricity 1 14961 
annual growth in 1995- 

2010 1 D h e a t  19427 1 21802 1 22533 
Coefficient of price I I 13895 ( 15852 1 16499 
elasticity is 0 1 slnce 

17459 18293 

1 1995 I D heat 

- - 

2010 
Real energy price growth 
by 3% per year for all 
energy carners  wlth the 
except~on of electncrty 

No autonomous technical 
progress in efficiency by 
final consumption sectors 

22446 
18816 
25577 

Electncity 
D heat 

18895 1 21658 

D heat 
Electricity 

D heat 

17274 

15242 
20642 

Real energy prlce growth I Electr~city 1 14692 
by 3% per year In 2001- 

17922 
24461 

16624 

19856 
14692 

19856 

22535 
16872 

22551 

23312 
17564 

23337 



Conclusion 

Base assumptions In "depression" and “revival" scenarios Dve us electrlslty demand 
range of 51  9-56 6 bln k w h  in North Caucasus and 13  7-14 7 bln k w h  in Krasnodar 
Krm in the year 2000 and relatively 62 1-68 5 bln k w h  and 16  5-17 5 bln k w h  In 
the year 2010 Heat demand will be 75 6 83  4 mln Gcal in North Caucasus and 18  2- 
19 9 mln Gcal in  Krasnodar K r a  in  the year 2000 and correspondlngly 90 9-101 1 
mln Gcal and 22-23 7 mln Gcal in the year 2010 

Model slmulatlon of future growth of electnclty and heat demand In North Caucasus 
and Krasnodar K r a  shows tha t  electnclty demand ml l  go up  to 49 9-59 0 bln k w h  
in North Caucasus and to 13 0-15 2 billron k w h  in Krasnodar K r a  in the year 2000 
and correspondingly to 58 7 - 74 4 billron kWh and 15 5 - 18 8 blllion k w h  in 2010 
This range of uncertmnty allows room for  additional generation of local electnc 
power to substitute imported electricity, replace obsolete facllltles and satisfy 
grbwlng demand 

Heat demand will grow up to 72 9 87  0 mlllion Gcal in North Caucasus and 17  4 
20 6 mlllion GCal In Krasnodar Krm ln the year 2000 and correspondingly 85,s- 
110 0 mllllon Gcal and 20 9-25 6 Gcal In the year 2010 It w ~ l l  approach the 1990 
level In 2004 In North Caucasus and In 2010 ln Krasnodar Kral 

Such relatively large range of the projections uncertanty results from the 
uncertmnty wlth the future economic development as well as from data shortage for 
the model calibration I t  seems that thls range covers all trajectones of future 
electrlclty and heat demand evolution foreseeable In North Caucasus and Krasnodar 
K r a ~  for  the comlng 1 5  years 
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STATIC SCREENING OF ALTERNATIVE 
GENERATION OPTIONS 
FOR KRASNODAR KRAI 

The attached spreadsheets present the detailed computabons of generanon costs for the vanous 
power generanon options cons~dered ~n this study 

Task 1 Report 
September 1995 A-D 



KRASNODAR POWER PROJECT 1 
STATIC SCREENING OF ALTERNATIVE GENERATION OPTIONS 

HAGLER BAIUY CONSULTING INC 0411 PM OSOd 95 

I 
GENERATION OPTIONS 

ICHP PIPING COST M S I O I O I O I O I O I O I  

A 
B 
C 

D 
E 
F 

NOMINAL CAPACllY WW 

NET RATED CAPACITY Mw 

CHP CAPACITY OC A~JH 

FORCED OUTAGE RATE % 

MMPUTATION OF PRWECT VALUE AT TIME OF C ~ I S S I O H I N O  

YEAR FROM START PERCENT OF CAPITAL COST INCURRED I 

GT 300 K 
GT GOO K 
CC 450 K 
CC 900 K 
HP 450 K 
HP 900 K 

300 
3oo 

0 
400% 

1 

2150MW Gas Tuhnes - Krasnodar 
4x1 50MW Gas Turbrnes Krasnodar 
lx450MW Comhned Cycle - Krasnodar 
W5OMW Comhned Cycle - Krasnodar 
lx450MW - CHP - Krasnodar 
2450MW CHP - Krasnodar 

DISCOUNT RATE % 
LEVEUUNG PERIOD YEARS 

15 00% 
25 

600 
600 
0 

4 03% 
PLANNED MAlHtDlAHCE DAYS 1 25 

CHP CAPITAL COST CREDIT M I  

GAS PIPNHE COST ML 

TRANSMlSSlOH COST M I  

AWUSTEDPRWECTCOST Mf 

YF-ULOCIL: 5 

TOTAL (MUST ADD TO 1W) 

FUTURE VALUE MULTIPLIER 

FUTURE VALUE MI 

ICOMPUTATION OF EFFECTIVE CAPACIW 1 
P W E T E R  UNITS I GT3OO K 1 GT6OO K I CCASO K I CC 900 K I HP450 K I HP9OO K 

25 
89 15% 

700 
542 

A V A I W u T y  % 

TRANWSSION LOSS WW 

EFFECTWE RATlNO Mw 

0 
61 
99 

450 
450 

0 
4 60% 

89 15% 
-8 70 
278 15 

COMPUTATION OF ANNUAL CAPITAL COSTS 

0 
44 
89 
238 

000 
100 00 
1 1206 
266 71 

EFFECTIVE CAPITAL COST YKW 965 81 

25 
88 55% 
-8 50 
407 

11 
0 
0 

697 
30 

0 1523 
106 

DEPRECIATION YEARS 

CAPITAL RECOVERY FACTOR 

CAPITAL COST YKWymar 

900 
900 

0 
4 60% 

PARAMETER UNITS 

PUNT COST OH 0 R C  YKW 

CHP CAPACITY COST SlOOOIOulH 

TOTAL P U N T  COST ML 

0 
61 
92 
337 

19 
44 
09 

532 1 182 

0 
100 

1 1206 
378 

3000 
0 1523 
14709 

[COMPUTATION OF OPERATION AND MAINTENANCE (OLM) EXPENSES 

25 
88 55% 
3% 
801 

0 
44 
89 
325 487 

956 
35 

0 1511 
1 44 

450 
400 
250 

4 60% 

GT300K 
350 
0 

105 

HP9OOK 
415 
43 
374 

CC9OOK I HP450K 

0 
100 

1 1966 
389 

PARAMETER UNITS 

VARIABLE OW ymW 

TRJWSUISSION LOSS YKWH 

 XED ANNUAL PLAHT o m  m 
SOCIAL COST (FIXED) yKW 

TOTALFIXEDCOST yKW 

930 
800 
448 

460% 
25 

88 55% 
000 
354 

413 
0 

372 

827 
35 

0 1511 
125 

HP 450 K 
032000 

0000 
845000 

om 
845 

25 
88 55% 
-8% 
717 

429 
43 
193 

GT6OOK I CC450K 

0 
100 

1 2457 
662 

HP 900 K 
032030 

0000 
845000 

000 
8.45 

307 
0 

184 

61 6 1 847 

10 61 
1 54 
624 

EFFECTIVE f l X m  COST yKW 

CHP OW CREDIT MWur 
HEAT TO DIST SYSTM GuVKWH 

GT 300 K 
007000 
-000057 
538000 

000 
5 38 

427 
0 

192 

0 
100 

11966 
21 8 

35 
0 1511 

93 

CC 450 K 
0290oO 
-000024 
768000 

000  
7 68 

GT 600 K 
007000 
-000023 
538000 

000 
5 38 

0 
100 

1 2457 
607 

35 
0 1511 

128 

CC 900 K 
0- 
-000006 
713000 

000  
7 13 

5 8 4  
0 00 

0 

8 A9 
0 00 

0 

5 96 
0 00 

0 

8 01 
0 00 

0 

10 74 
0 86 
706 



[COMPUTATION OF LEVELKED FUEL COST 
GT300 K GT600 K CC.450 K CC900 K HP.450 K HP900 K 

FUEL TYPE GAS GAS GAS GAS GAS GAS 
EASE PRICE 140 140 140 140 140 140 



l~rasnodar Power Costs 
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L 
tGENERATlON OPTIONS 
A 
B 
C 
D 
E 
F 

- 

LEVELRING PERIOD YEARS I 25 
COMPUTATION OF EFFECTNE CAPACITY 

GT 3CO M 2x1 SOMW - Gas Turbines MwtavJtoy 
GT 600 M 4xI50MW - Gas Turbines Mostovskoy 
CC 450 M lx450MW - Comb~ned Cyc le  - Mostovskoy 
CC 900 M 2 x 4 5 0 M W  Comb~ned  Cycle - Mostovskoy 

CC 1350 M 3x450MW Comb~ned Cycle - Mostovskoy 

PARAMETER uurrs 
HOMNAL CAPACITY MW 

HE1 RATED CAPACITY W 

CHP CAPACITY GCALN 

FORCED OUTAGE RATE X 

PlAUNED WNTENANCE DAYS 

AVAILABIW x 
TF~AUSMISSION LOSS LIW 

!CDMPUTA~ON OF PROJECT VALUE AT TME OF CO)IMISSIONING I 

~CHP C A P A C ~  COST S~OWOCALH I 0 0 0  

I~RAUSMISSIOH COST MS 

h i 7  F R W  START PERCENT OF CAPITAL COST INCURRED I 

GT300 M 
XX) 

303 
0 

4 00% 
25 

89 15% 
-4 80 

0 0 0  
190 20 

0 00 
0 00 

TOTAL M COST MS 

84001 86301 84001 105001 19200( 
GAS PIPEUNE COST MS 24 001 3400 

110 10 

\ADJUSTU)PRWECTCOST MI 1 218101 310 501 323 55 1 540 491 810 50 1 

537 1 596 1 774 1 1153 

GT600 M 
600 
600 

0 
4 00% 

25 
89 15% 

1 9 0  
EFFECTIVE R A ~ H O  M 

0 0 0  
215 55 

0 00 

IFZI.LFOCE 5 

TOTAL (MUST ADD TO 100) 

FUTURE VALUE MULTIPUER 

272 

24 00) 34 03 

CHP PlPlHO COST MS 

FUTURE VALUE MS 

EFFECTNE CAPITAL COST yKW 

DEPREClATlON YEARS 

CAPITAL RECOVERY FACTOR 

CAPITAL COST LIKWy.ar 

CC.450 M 
4% 
443 

0 

4 60% 
25 

88 55% 

380 

~COMPUTAT~ON OF ANNUAL CAPITAL COSTS 
P A R A M ~ R  UNKS IGT 300 h! 1 ~ ~ 6 0 0  M ICCASO M (CC 900 M ICC 1350 M I 

38 00) 

owl 0 0 0  

0 00 

0 
100 

1 1206 

PUNT COST OH 0 R C  yKW 

401 40 
0 00 

O O O (  0 00 CHP CAPITAL COST CREDIT Mf I 0 00 

244 41 
897 74 

3000 
0 1523 
136 73 

CC 900 M ICC 1350 M I 

367 00 1 31700( 479 00 1 446001 430001 

580 50 
0 00 
0 00 

0 
100 

1 1206 

ICOMPUTATION OF OPERATION AND MAINTENANCE (OIM) EXPENSES 

93 
886 

0 
4 60% 

25 
88 55% 

347 96 
648 20 
3000 

0 1523 
98 72 

13% 
1330 

0 
4 60% 

25 
88 55% 

0 
100 

1 1966 

CC 1350 M 
0- 
000024 
682000 
0 c m o o  
6 82000 
7 98370 

o 000 1 
o 1 

PARAMETER UNITS 

VARlABLE oaM SnrWH 

TRANSMISSION LOSS flKWH 

flXEO AUHUAL P U N T  O&M yKW 

SOCIAL COST (FIXED) yKW 

TOTAL FIXED COST SKU 

EFFECTIVE FIXED COST yKW 

CHP OhM CREDIT MWaar 

HEAT TO DlST SYSTM O u V K W H  

10501 24 50 

387 17 
977 52 
3 5 w  

0 1511 
147 74 

0 
100 

1 2457 

0 
100 

f 2457 
673 16 
869 65 
35 03 

0 1511 
131.43 

GT 300 M 
007000 

-000031 
538000 
o m  
5 38000 
5 92833 

0 000 
0 

1009 61 
875A7 
3503 

0 1511 
132 31 

CC 450 M 
o m  

-000011 

GT 600 M 
007000 

-OM3006 
538000 
OooooO 
5 38000 
6 01337 

0 000 
0 

CC 900 M 
029oMl 
000015 

7B0000, 724000 
0 G a m  
7 80000 
8 86186 

0 000 
0 

0 c m c o  
7 24000 
8.41796 

0 000 
0 



POMPUTATION OF LNEUZED FUEL COST 1 
IGT 300 M (GT 600 M ICCASO M IcC 900 M IcC 1350 M I 

FUEL TYPE 

LEVEllZED FUEL M S T  1 00175 1 00175 1 00114 1 00114 1 00114 1 1 
/SUMMARY OF FIXED AND VARlABLE OPERATING EXPENSES WlTH LEVELRED FUEL 1 
FIXED YKWyrar 

VARLABLE  KWH 

ILNEUZED COST PER KWH PRODUCED 
CAPACllY FACTOR I Hourslyear IGT 300 M IGT 600 !.I IcC 450 h! IcC 900 M IcC 1350 h! I 

GT 300 M 
142 65 
0 0173 

GT 600 M 
104 73 
0 0176 

CC.450 M 
156 60 
0 0116 

CC 900 M 
139 85 
0 0119 

CC 1350 M 
140 30 
0 0119 



l ~ o s t o v s k o ~  Power costs  

0 ~ 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  

20% 30% 40% 50% 60% 70% 80% 93% 103% 
25% 35% 45% 55% 65% 75% 85% 95% 

Capacky Factor 
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1 

[GENERATION OPTIONS 
A 
B 
C 
D 
E 
F 

GT 300 N h150MW - Gas Turtnnes - Nworwslysk 
GT 600 N 4x1 50MW - Gas Tuhnes - Nworosslysk 
CC 450 N lx450MW Combned Cycle Nworwslysk 
HP 450 N lx450MW CHP - Novorosslysk 

NET RATED CAF'ACrrY M 1 30000 

CHP CAPITAL COST CREDIT MS 

COMPUTATDN Of PROJECT VALUE ATTlME OF CO)IMISSIONINO 1 

f m w  
000 

4 00% 
2500 

89 15% 
12 70 

547 60 

CHP CAPACrrY GCAUH 

FORCED OUTAGE RATE X 

PLANNED WKTENANCE DAYS 

AVAfLABILnY X 

TRAHWSSION LOSS M 

E m C f l V E  RATIN0 W 

AWUSTED PROJECT COST M S 

DISCOUNT RATE X I 15 00% 
LEVEUUNG PERIOD YEARS 1 25 
COMPUTATION OF EFFECTNE CAPACrrY 

PARAMEFER UNITS I GT300N 1 GT6OON I CC450N ( HP450N ( 

000 
4 00% 
25 00 

89 15% 
1 1  30 

278 75 
ICOMPUTATION OF ANNUAL CAPITAL COSTS 

0 00 

188 00 1 291 20 ( 300 55 1 299 91 1 

NMIlNAL CAPACITY M 
443 00 
ow 

4 60% 
25 00 

88 55% 
1270 

404 98 

1 
E A R  FROM START PERCENT OF C PERCENT OF CAPITAL COST IHCURREO 

30000) 600001 450 00) 450 001 
393 001 I 
172 50) 
460%( 

25 001 
88 55% 
12M 

36010 

PARAMETER UNITS 

PLANT W S T  ON G R C  yKW 

CHP CAPACrrY COST SlWOKlCALH 

T O T N  PLANT COST MS 

0 00 
GAS P l P N N E  COST MS I 62 00 

R % T E U O C - m  0 

EFFECTIVE FIXED COST W 

CHP OW CREDIT MWmar 

HEAT TO DlST SYSTEM OuVKWH 

GT600N 
312 00 
000 

GT300N 
355 00 
om 

106 50 

76 00 
28 00 TRAJ~SMISSION COST MS 

0001 0001 0001 0001 

0 00 

19 50 

7 71 
0 000 

0 

CC45ON I H P U O N  

7421 
6200 
zoo 

479 00 
000 

7 28 
0 000 

0 

I 

481 00 
43 00 

187 201 215 55 

62 00) 
noel 

216 45 

1 

10 42 
0 000 

0 

12 53 
0 593 

47 0 
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[SUMMARY OF FIXED AND VARIABLE OPERATING EXPENSES WCTH LRIEL~ED FUEL 

( GT300 N 
FIXED m y u r  1 122 81 
VARIABLE YKrm 1 0 0169 
'LEVELLZED COST PER KWH PRODUCED 

CAPAClW FACTOR 1 Hourslyear 1 GT300 N ( GT6OO N ( C C U 0  N 1 HP450 N 1 
0% 1 0 1 N A I N A 1 N A I N A I I 

GT600 N 
104 20 
0 0172 

CC&O N ( HP450 N 
144 641 163 11 
0 0113l 0 0087 

I 



[~ovorossi~sk Power costs] 

20% 25% 30% 35% 40% 45% 50% 55% 60% 65% 70% 75% g0% 85% 90% 95% 1CO 

CapacRy Factor 



'he attzched are deta~led euplanztrors ar7d results of the integrated plann~ng 2nd power rel~abllitv 
ssessnent rrodel analyses performed zs part of this study 



RESULTS OF INTEGRATED PLANNING MODEL AND POWER RELIABILITY 
ASSESSMENT MODEL ANALYSES 

FOR THE KRASNODAR POWER GENERATION PROJECT 

Thrs appendrx provrdes a summary of the results of the Integrated Plannrng Model 
(IPMQ)analysrs for the Krasnodar Power Generatron Project IPM IS a dynamc linear 
programmng model that provrdes a least cost capaclty expansron plan for meetrng electricrty 
requrrements For thrs analysrs, IPM was used to determine the least cost plan for meetrng 
electricity requrrements rn the North Caucasus region In addit~on, a follow-up analysis was 
undertaken using ICF's Porirer Reliabrlity Assessment Model (P-RAMo) to estimate the change in 
unsenled energy resultrng from addrng a comblned cycle plant at Mostovshoy 

Integrated P lann~ng  Model Results 

As descr~bed In the m a n  report, IPM was used to analyze six d~fferent scendnos a base case, 
and fiie change cases The data used to analyze each of these cases as detdrled in t h ~ s  report 
rncluded the folloti Ing 

Annual demand projections 

Typ~cal hourly load profiles used to convert dnnual demand projections into 
hourly l o ~ d  estimates for each of the 8760 hours of the year 

rn Retirement schedules for exlstlng plants 

Cost and performance characterrstics for existlng and potentldl power pldnts 

Utllizlng these input data, alternat~ve potentral plant s~ tes  and capaclty types were evaluated 
Three alternatrve s ~ t e s  were cons~dered Krasnodar, Mostovskoy, and Novoross~ysk For each 
s ~ t e ,  simple cycle, combrned cycle, and two-stage srmple cycle-to-comblned cycle conversron 
alternat~ves were evaluated IPM projected a capacrty add~tion plan for the base case and each of 
the six change cases, as summarlzed rn Table 1 through Table 6 In the base case, a total of 
4,030 MW IS projected to be added by 2005 Of thrs total, 450 MW are projected to be added In 
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~rasnodar', 2,980 MW rn Mostovsl\oy, and 600 MW m Novoross1ysk In terms of capacity type, 
600 MW of capaclty add~tlons are projected to be simple cycle turbrnes, 2,080 MW are comblned 
cycle turbines, and 1,350 MW are simple cycle units that are converted to comblned cycle plants 

The first uncomrmtted capac~ty addlt~ons In the base case are projected to be at Mostovskoy 
beglnnlng In 1998 when a 300 MW slmple cycle turblne IS projected to be added Thls 300 MW 
simple cycle IS then converted to a 450 MW comblned cycle unit In 1999 A second 300 MW 
slmple cycle turbine IS also added at Mostovskoy in the year 1999 In 2000, a total of 750 MW 
of generation capaclty are projected to be added Thrs ~ncludes conversion of the Mostovskoy 
300 MJY slmple cycle turblne to a 450 MW combined cycle plant, the construction of an 
add1tional450 MW comblned cycle unit at Mostovsboy, and a 150 MW s~mple cycle turbine at 
Xovoross~ysk 

In the sensitivity cases, the largest change In projected total capacity add~t~ons In the North 
Caucasus occurred In the low demand case In this case, total capacity addltlons are projected to 
be 1,050 MW lower than In the base case In change case 2 through 4, trdnsmlsslon capaclty 
add~t~ons Into the North Caucasus capaclty were dnalyzed, total capaclty add~tions decline by 
roughly the amount of firm transmission capaclty assumed In change case 5, In whlch the 
Rostov Nuclear plant is assumed to be completed, total capacity addrt~ons dt the MostovsLoy site 
decline by 930 MW, I{ hlch 1s the slze of the Rostov nuclear plant 

In dl1 the change cases the first uncommitted capacity add~tions occur In Mosto~sLoy In 1998 
However ds the amount of cdpacity addition requirements In the North Caucdsus are reduced In 
the change cases due to transmission capacity addrt~ons or nuclear plant con~pletron, less 
combined cycle capacity IS projected to be built dt the Mosto~ihoy locat~on In these change 
cdses, combined cycle capaclty add~tlons at the Mostovskoy site range from 1,900 MW to 2,500 
MW 

Thus, the Integrated Plannlng Model analys~s ~dentlfied that In all cases two-stage slmple cycle- 
to-combined cycle capaclty addit~ons at MostovsLoy should be the first electric generation 
capacity to be added In the North Caucasus reglon 

Pouer Reliability Assessment hqodel Results 

In order to complete the economlc and financ~al analysis of the potentla1 Mostovskoy project, 
estimates of the amount of electricity generated and ~ t s  value were requ~red The value of 

' Thrs Krasnodar capaclty 1s treated In the model as committed capaclty that w ~ l l  come on line beginning in 
1997 
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electrlcity generated at the Mostovshoy plant has two components Flrst, electricity generated at 
Mostovskoy will displace more costly electrlc~ty generated at less effic~ent plants Secondly, the 
Mostovskoy plant will meet some electrlcity requirements that would othenv~se go unserved 

The IPM results provided estlmates that could be used to estlmate the first component of the 
Mostovskoy plant's value Spec~fically, IPM est~mated the amount of electrlc~ty that will be 
generated by the Mostovskoy combined cycle plant and the marginal cost of electrlc generation 

displaced by the plant 

However, IPM does not est~mate the change In unserved energy that would result from the 
construction of the Mostovshoy comblned cycle plant For t h ~ s  purpose, ICF u t~ l~zed  ~ t s  Power 
Reliabil~ty Assessment Model (P-RAM) P-RAM IS designed to estimate for each hour of a 
plannlng year the loss of load probab~l~ty and the amount of unserved energy 

P-RAM est~mates the probabil~ty distr~but~on of generation capaclty for each hour of the 
plannlng pear T h ~ s  capaclty probab~l~ty dlstr~butlon for a glven hour is comblned w ~ t h  a range of 
hourly load estlmates that reflect load uncerta~nty to d e r l ~ e  a loss of lodd probablllty Generation 
capaclty add~t~ons  sh~f t  the capaclty probabll~ty dlstr~bution to the r~ght  effectively reduc~ng the 
probab~l~ty of an outage Based on t h ~ s  probab~lisrlc approach, P-RAM estlmates expected 
unserved energy 

For thls andlys~s, P-RAhl was run twlce In the first run, unserved cncrgy was estimated 
assuming that exist~ng plants retire according to the schedule deta~lcd In Append~x A and thdt no 
new pl~nts ,  other than committed unltq are ddded In the second run unser~cd energy was 
estlrn~tcd using the sdme rct~renlent schedule but tn thls case the hlo\tovshoy comblned cycle 
plant IS assumed to be completed The P-RAM results for these two runs were analyzed to 
estlrnate the change In unsened energy attributable to the Mostovshoy plant 

Table 7 prov~des the results of the P-RAM analysis for the base case Column 1 of t h ~ s  table 
presents the est~mated electr~c~ty generated by the MostovsLoy plant over the period 1998 
through 2035 Column 2 llsts the marglnal cost of electrlclty In the North Caucasus reglon, 
whlch prov~des an estlmdte of the cost of electr~city displaced by the Mostovshoy plant Column 
3 presents the change In unserved energy attr~butable to the Mostovskoy plant as est~mated by P- 
RAM In the base case, the change In unserved energy IS est~mated to rlse over time such that by 
2005 nearly the entire output of the Mostovskoy plant will lead to reduct~ons In unserved energy 
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TABLE 2 
CHANGE CASE 1 LOW DEMAND CASE 
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TABLE 3 
CHANGE CASE 2 - 500 hIIV TRANShIISSION LINE 

CAPACITY ADDITIONS (h-I\V) 

SIMPLE TO 
COMBINED CYCLE* 

TOTAL 

AIOSTOVSKOY 

SIhlPLE CYCLE 

[ * Krasnodar capacliy addrt~ons are cornmlttcd units 9 

KRASKODAR 

SJMPLE CYCLE 

COMBINED CYCLE 

COhlBISED CYCLE 

SIMPLE TO 
COh4BIiVED CYCLE 

TOTAL 

hOVORISSIYSK 

SIMPLE CYCLE 

COMBI\ED CYCLE 

SIhlPLE TO 

Appcnd~x C 3 ICk IWlSbK 
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1997 

0 

0 

150 

150 

0 

1998 

0 

0 

0 

0 

0 

0 

0 

0 

1999 

0 

0 

2000 

0 

0 

150 

150 

0 

0 

300 

300 

0 

0 

0 

2001 

0 

0 

150 

150 

0 

0 

360 

360 

0 

0 

0 

2002 

0 

0 

0 

0 

0 

250 

100 

350 

40 

0 

0 

2003 
-2005 

0 

0 

0 

0 

0 

TOTAL 

0 

0 

700 

0 

700 

60 

0 

0 

0 

0 

0 

0 

0 

0 

230 

0 

0 

0 

0 

0 

450 

450 

0 

0 

1180 

110 

1 320 

250 

0 

0 

1630 

900 

2 530 

0 

600 

0 

0 



K R A S ~ O D ~ R  POWER GENERATION PROJECT 

TABLE 4 
CHANGE C4SE 3 - 1000 MW TRANShlISSION LINE 

KRASKODAR 

SIMPLE CYCLE 

COMBINED CYCLE 

SIMPLE TO 
COMBLlED CYCLE* 

TOTAL 

\IOSTOVSKOY 

SIhlPLE CYCLE 

COMBINED C'1 CLE 

SIhlPLE TO 
COMBIXED C l  CLC 

TOTAL 

hO\ ORISSIi SK 

SIhlPLE CYCLE 

COMBI\tD C\r CLL 

SIMPLE TO 
COhlBIhED C'I CLE 

TOTAL 

TOTAL 1 150 1 450 1 150 / 300 1 260 1 250 1 1 6 0 0 )  3160 

* Krasnodar capac~ty additions are comm~tted units 

1997 

0 

0 

I50 

130 

0 

0 

0 

0 

0 

0 

0 

0 

CAPACITY 

1998 

0 

0 

150 

150 

0 

0 

300 

300 

0 

0 

0 

0 

ADDITIONS 

1999 

0 

0 

150 

150 

0 

0 

0 

0 

0 

0 

0 

0 

2000 

0 

0 

0 

0 

0 

300 

0 

300 

0 

0 

0 

0 

(MW) 

2001 

0 

0 

0 

0 

0 

150 

0 

150 

110 

0 

0 

110 

2002 

0 

0 

0 

0 

0 

0 

0 

0 

230 

0 

0 

250 

2003 
-2005 

0 

0 

0 

0 

0 

860 

500 

1360 

240 

0 

0 

240 

TOTAL 

0 

0 

450 

450 

0 

0 

1310 

800 

2110 

0 

600 

0 

0 

600 
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TABLE 5 
CHANGE CASE 4 - 1400 hlW TRANShIISSION LINE 

CAPACITY ADDITIONS (RIW) 

TOTAL 

KRAShODAR 

SIMPLE CYCLE 

COhIBLYED CYCLE 

SIMPLE TO 
COMBIVED CYCLE* 

TOTAL 

\IOSTOVSKOY 

1997 

0 

0 

150 

150 

1998 

0 

0 

150 

150 

* Krasnodar capac~ty a d d ~ t ~ o n s  are cornrn~tted units 

150 

1999 

0 

0 

150 

150 

390 310 

2000 

0 

0 

0 

0 

2001 

0 

0 

0 

0 

2002 

0 

0 

0 

0 

390 

2003 
-2005 

0 

0 

0 

0 

260 

TOTAL 

0 

0 

450 

450 

0 

250 1510 3260 



TABLE 6 
CHANGE CASE 5 - COhlPLETION OF ROSTOV NUCLEAR UNIT 

* Krasnodar capac~tp addit~ons are cornrn~tted un~ts  I] 
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TABLE 7 
BASE CASE 

CHANGE IN 
ENERGY ENERGY UNSERVED 

GENERATED VALUE ENERGY 
(MlllsAWhll (MWhl 

I 
I 
I 
I 
I 
I 
I 
B 
I 
I 
I 
R 
1 
I 
I 
I 
I nppcndlr r $ 1Ck KAlSbK 
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